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I. SHORT-PERIOD  PULSATIONS OF THE EARTH' S MAGNETIC FIELD 

by V. I. Afanas'yeva 

Even before  the  International  Geophysical Year (IGY)  began, when 
i t s  program was only  being  determined, we began to   s tudy  the  short-  
period  pulsations (SPP) of the  geomagnetic f i e l d  according  to  the data 
available a t  that   t ime.  We hoped t o  look i n t o  a t  least  some of the 
problems i n   t h e  morphology  and physics of short-period  pulsations  in 
order   to  make f u l l e r  use  of  the IGY data. 

The main conclusions of our work are  based on study of the  con- 
ventional magnetograms of four  Soviet  observatories:  Pavlovsk, Nizhned- 
evitsk,  SrediTkan and Vladivos-to!:. These observaLories  in  pairs have a 
significant  coverage  in  longitude and a c e r t a i n  coverage i n   l a t i t u d e .  
In  the  course of the work we were able   to   acquire   the magnetograms of 
cer ta in   other   observator ies   (see Appendix). I n   t h e  magnetograms 20 mm 
corresponds t o  an  hour  of  time  while 1-2-4 gamma i s  equivalent  to a 
millimeter of the  ordinate .   This   l imited  us   in   our   s tudy of pulsations 
by periods.  All of the  following  concerns  pulsations  with  periods of 
approximately 30 t o  240 sec and with  amplitudes of not   less   than 1 gam- 
m a .  

F i r s t  of a l l ,  l i s t s  were compiled i n  which the  short-period  pul- 
sat ions were s e t  down hour  by  hour. It was a t  once  decided t o   d i f f e r -  
e n t i a t e  between pulsa t ions   l as t ing  more and less than an hour.  Further- 
more, we used  international  terminology: one type of pulsation may be 
i d e n t i f i e d  w i t h  P C ,  and the  other   with  pt .   In  a l l ,  our l i s t s  encompas- 
sed  aroung 180,000 hours of time at   var ious  observator ies  (more than 20 
observatory-years).  This  material  allowed  us  to  carry  out a number of 
s t a t i s t i c a l   s t u d i e s .  The fol lowing  resul ts  were obtained. 

Diurnal  Distribution of pc -- S (pc) .  1. S(pc)  takes  place  ac- 
cording -to local   t ime.  The  maximum a t   t h e  middle l a t i t u d e s  i s  a t  1100- 
1400 hours  (Figure 1). A t  the  geomagnetically mare northern  observa- 
t o r i e s  a second maximum a t  0500-0600 hours i s  observed  (Leningrad, some- 
times  Nizhnedevitsk). A t  Lovozero t h i s  maximum occurs even in   the  
ear th   currents .  

2. The form  of  S(pc)  does  not  depend  on  the  season.  During  the 
night  hours  pc, as a rule ,   are   absent .   In   the  winter   the  per iod  with-  
out  pulsations i s  longer  than  in summer, b u t   t h i s  i s  not  proportional 
by la t i tude   (F igure  1). 

3. The form  of S(  PC) does  not  usually depend on the   l eve l  of 
magnetic a c t i v i t y .  Only on very  disturbed  days  does  the number  of 
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pulsations  during  the morning hours i n  Srednikan  increase and the form 
of S( PC) approximate  the  Leningrad f o m .  

a b C 

Lovozero 

Leningrad 

Love 

Srednikan 

Sha t sk 

Kazan ' 

Sverdlovsk 

Nizhnedevitsk 

Odes sa 

Vladivostok 

Tashkent 

Figure 1. D i u r n a l  d i s t r i b u t i o n  of SPP of varying 
duration. 

a = pc + p t ;  b = PC; c = p t .  The numbers on the  curves show 
the  number of cases  in  excess which t h e   d i s t r i b u t i o n  of SPP 
i s  expressed by a curve  that  i s  c h a r a c t e r i s t i c  of the  diurnal 
d i s t r i b u t i o n  of SPP. 

4. With an i n c r e a s e   i n   a c t i v i t y  of the  day o r  year, as a whole 
the maximum of S(pc) i s  s h i f t e d  from  the  afternoon  to  the  pre-noon  hours 
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(Figures 1 and 2). 

3. The  number of hours  with pc increases   to   the  south.  

6. On days of any ac t iv i ty ,   t he  number of pc during  the summer 
i s  greater  than  during  the  winter.  

Dist r ibut ion of p t  by Days - S ( p t ) .  1. The maximum i n   t h e  mid- 
dle l a t i t u d e s  i s  a t  2000-2400 hours,   local  t ime. A t  the  geomagnetically 
more northern  geomagnetic  observatories  (Srednikan  and  Leningrad), no 
precise  maximum i s  observed for S(pt)  (Figure 1). 

2. The form of S ( p t )  does  not depend on the season. 

3. The form of S ( p t )  does  not  clearly depend on the   l eve l  of 
magnetic a c t i v i t y .  

4. The  number  of hours  with  pt  during  the hours of the maximum 
increases  to  the  south.  

5 .  The  number  of p t  i s  greater   in   winter .  

6. With an increase of a c t i v i t y   i n  a cycle ,   the  maximum of cases 
of p t   s h i f t s  from 2300 hours  to  midnight  (Figure 2 ) .  

Comparison  of S(pc)  and  S(pt). Around 80-90 per  cent of a l l  the 
days  contain  pc i n  a given  hour,  whereas p t   a re   observed   on ly   in  30 per 
cent of the  cases. 

Distr ibut ion of PC by  Season.. The seasunal   d i s t r ibu t ion  of pc i s  
not   c lear ly  similar to   the  seasonal   dis t r ibut ion of magnetic a c t i v i t y .  
From among 18 observatory-years,   in 11 years  the pc a re  more frequent 
during  the  spring  equinox.  There  are  years  with a maximum of pc  during 
the summer; t h i s  i s  analogous  with  the  distribution  of  magnetic  activity 
in   years   with low act ivi ty   (according  to   the  K-index) .  

Very Long PC. Among the  pc  c lass ,   pulsat ions were distinguished 
l a s t ing   f i ve   hour s  and more i n  succession  (up  to 2 0 ) .  A decrease of 
amplitudes  during  the  night  hours  ( local  t ime) i s  c h a r a c t e r i s t i c   f o r  
them (Figure 3) .  The majority of them were noted  during a year of re- 
duced a c t i v i t y  ;in the  cycle  (1932). 

Comparison with  Ionospheric Data. A s i m i l a r i t y  of the  forms  of 
S(pc)  and  S(foF2) can a t  once be seen. This prompted a study of the 

cor re la t ions  of pc with  the  parameters of the  F2 l ayer .  The cor re la t ion  
of S(pc) and S(foF2) was high:  about 0.97 during  the  equinox, 0.88 i n  
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winter, and 0.74 i n  summer (da ta  are presented for Sverdlovsk,  Figure 
4) ' 

O f  s p e c i a l   i n t e r e s t  i s  the   s imi l a r i t y  of  S(pc) of  Leningrad  with 
S(foF2) of T iks i   i n   t he  absence of s i m i l a r i t y  of S(pc)  of  Leningrad w i t h  

S(foF2) of  Leningrad  (Figure 5) .  

X 

:I,, , , , ,  , , I , ,  ,;, , , , , , , , x , :  

1957 

0 6 12 18 24 
LMT, hour 

Figure  2.   Shift  of -the  maxima of pc  and p t  by  24-hour 
pe r iods   i n  a number of years of s o l a r   a c t i v i t y  (Kazan' ) . 
1955 and 1956 each  have two equal maxima. 

Data on Earth  Currents..  S(pc)' of Leningrad  has two maxima--mid- 
day  and  morning. To explain  the  geographic  pattern,   use was made of 
data  on earth  currents  from  Shatsk and  Lovozero. The S(pc)crC ear th  
cur ren ts   for   Sha tsk   tu rned   ou t   to   be  similar to   the  S(pc)  of the  middle 
l a t i t u d e  magnetic  observatories. The S(pc) of ea r th   cu r ren t s   i n  Lovo- 
zero  has  only a morning maximum. Consequently,  north of Leningrad  the 
midday maximum of  pc becomes less   than   the  morning maximum. It i s  i n -  
t e r e s t i n g   t o   n o t e   t h a t   t h e  morning maximum of S(pt)   in   Srednikan  corres-  
ponds with  respect.   to  t ime  to  the morning maximum of S(pc)  in  Lenin- 
grad.  This  indicates  that   with an increase   in   the  geomagnetic l a t i t u d e ,  
the morning maximum i s  composed of more s t a b l e   p u l s a t i o n s ,   i . e . ,   t o   t h e  
no r th   t he   s t ab i l i t y  of the  pulsat ions  increases   according  to   the  t ime.  

In te rpre ta t ion  of the  Results.   Short-period  pulsations (SPP) 
a r e  a manifestation of the  electromagnetic  pulsations of the  external  
atmosphere  of the   ear th .  However the  disclosed SPP r e g u l a r i t i e s   i n d i -  
ca te   tha t   no t  a l l  of the  outer  atmosphere,  concentric  about  the  earth, 
a c t s   i n   t h e  same way t o  promote the  appearance of SPP. One can  say t h a t  



Leningrad  16 J u n e  1941 1-7 June 1941 

Figure 3. Long-term PC pulsation.  Magnetogram of 16-17 June 1941. 
(Srednikan  and  Leningrad) 
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i n   t h e   e n t i r e   o u t e r  atmosphere there  are cer ta in   regions i n  which ion i -  
zation i s  su f f i c i en t ly   h igh  so tha t   pu l sa t ions  i n  these  regions  create 
SPP on the  ear th .  There a r e  a t  least three  such  regions. One i s  a t  the 
daytime  middle-  andlow-latitude  portion of the  ear th;  it cont r ibu tes   to  
t he   o r ig in  of the around-midday maximum of PC. Ionization  here i s  
created  by  the wave rad ia t ion  of the  sun. The second  region of increas- 
ed  ionization i s  over  the morning high-lat i tude  area of the  ear th .  Here 
ionizat ion i s  probably  created by the  corpuscular  radiation of the sun. 
The th i rd   reg ion  i s  over  the  night  side of the  earth  over  the  middle, 
subarct ic   la t i tudes.   Ionizat ion  in   this   region  probably i s  likewise of 
corpuscular  origin.  

fo FZ 
30 t 

Figure 4. Correlation of the  shapes of the  diurnal 
d i s t r i b u t i o n  of pc  and p t  and t he   c r i t i ca l   f r equenc ie s  
of f F2  (Sverdlovsk, 1954). The  number of cases of PC 

o r   p t  a t  the  corresponding  cri t ical   frequency  foF2 i s  
0 

s e t   f o r t h  on the  abscissa.  
a - winter; b - equinox; c - summer; d - year. 

The f i rs t  region,  ap,parently,  always  exists;  the two o the r s   ex i s t  



only  during  the  periods of act ion upon the   ea r th  of solar corpuscular 
streams, whose energy  enriches  the  periphery of the  region of daytime 
wave ionization. 

What causes  pulsations  in  these  three  regions? Undoubtedly, the 
in te rac t ion  of the geomagnetic f ie ld   with  the  e lectromagnet ic  phenomena 
in   the   in te rp lane%ary  medium i n   t h e   v i c i n i t y  of the   ear th .   This   in te r -  
act ion may occur as the  introduction of a corpuscular  stream  into the 
e a r t h ' s  atmosphere  (whereby p t   pu l sa t ions  arise).  It may also  be  the 
in te rac t ion  of corpuscular  clouds  (residues of previous  streams  in  the 
interplanetary medium), penetrat ing  into  the  high  la t i tudes of the 
earth,  through which the  earth  passes  while moving i n   o r b i t .   I n  such 
cases  the  motion of t h e   e a r t h   i n   o r b i t  s t i l l  does  not  provide  sufficient 
energy f o r   t h e  emergence  of pc-type  pulsations. One must assume t h a t   i n  
t h i s  space  there   are   veloci t ies   in   the  order  of 300 lan r e l a t i v e   t o   t h e  
earth. Therefore,  according  to  the  theory of Kat0 and  Akasofu,  one  can 
conclude that  the  earth  receives  energy  from  corpuscular  space  suffic- 
i e n t   t o   c r e a t e  pc with an amplitude in   the  order  of 5 gamma. So, pc  and 
pt   are   probably  created  under   the  effect  of two different   causes;  PC-- 

under  the  action of "slow," weak clouds or streams to   t he  daytime  region 
of increased  ionizat ion  in   the atmosphere;  pt--under  the  action of cor- 
puscular  streams  to  the  evening and  morning high-lati tude  regions of 
increased  ionization  created and accelerated  by  the same streams. 

Figure 5 .  Correlation of t he   c r i t i ca l   f r equenc ie s  of 
foF2  (Tiksi, 1948, January) and t h e   t o t a l  number of hours 

N with  pc  pulsations  (Leningrad, 1936, win ter ) .  

Over Leningrad  and  Tiksi,  from  the  viewpoint of the  mechanism f o r  
t he   o r ig in  of SPP, the  ionosphere i s  ident ical ,   but   there  i s  a screen 
over  Leningrad  which  does  not  exist  over T iks i  and  which c rea tes  a pa t -  
t e r n  of S(f  F2) which dis turbs   the  correlat ion of S(pc)  with  S(foF2), 

t h a t  is so h igh   i n  Tiks i .  

0 

I n   t h e   s t a t i s t i c s  of the  SPP, the  chief  contribution i s  made not 
by p t   b u t  by  pc. But if w e  assume t h a t   t h e   l a t t e r  &-e created by matter 
a lmost   constant ly   present   in   the  vicini t?  of the   ear th ,  it becomes c lear  
why S(pc)  does  not  depend on the  magnetic  activity.  
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We did  not  devote much a t ten t ion   to   the   ques t ion  of the sizes of 
the  pulsation  periods.  Nevertheless,  having examined the  various con- 
clusions of the  theory of pulsations  proposed  by  the  Japanese  geophysi- 
c i s t s ,  we turned   our   a t ten t ion   to   the   fac t   tha t  if  one assumes t h a t   t h e  
SPP are  created  not  only by corpuscular streams encountering  the  earth 
head-on, but   a lso by those  passing  around  the  earth a t  a close  distance,  
then one  must expect a predominance of SPP with  periods of from 1 t o  2 
minutes. Some s t a t i s t i c s  on the  question of the  re la t ive  f requency of 
var ious  pulsat ion  per iods  indicate   the  val idi ty  of such a conclusion. 
Among 241 cases of periods  from 30 t o  240 seconds,  only i n  11 cases 
were the  periods  shorter  than 1 minute, and i n  47 cases were longer 
than 2 minutes. 

L i s t  of observatories whose da ta   a re   used   in   the   repor t .  

Latitude  Longitude  Source 
S ta t ion  (Geomag)  (Geomag) Year Materials 

* Yn A 

Lovozero ( LOV) 

Tiksi  
Love (LO) 
Leningrad  (Ln) 
Srednikan  (Sr) 

Kazan’  (Ka) 
Shatsk  (Sha) 
Sverdlovsk  (Sv) 
Nizhnedevitsk (Nzh) 
Odes sa (Od) 
Vladivostok (Vl) 
Tashkent  (Tsh) 

63 .o 

58.1 
56 .o 
53.2 

60.4 

49.3 
48.7 
48.5 
46.9 
43.8 
32 -9 
32.4 

126.1 
191.3 
105.8 
117.0 
210.5 

130.4 
123.7 
140.7 
119.6 
110.9 
198.0 
143.8 

Earth  currents 
Ion0  sphere 
Magnetic f i e l d  

I1 11 

1 1  11 

I t  I t  

Earth  currents 
Magnetic f i e l d  

I t  11 

I 1  11 

1 1  1 1  

11 11 
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11. ON CERTAIN REGULARImS OF TTD DISTURBED FIELD 
OF EARTH CURRENTS 

by V. V.  Kebuladze 

Study of the   s t ruc ture  and  changes of t h e   e l e c t r i c a l   f i e l d  of 
ear th   currents  i s  of considerable  importance in   es tabl ishing  the  causes  
of these  var ia t ions and t h e i r  dependence on various  geophysical phenom- 
ena. . I  

The spectrum of the  var iable   port ion of an e l e c t r o t e l l u r i c  f i e ld  
i s  characterized  by a wide  range. The p o s s i b i l i t y  of observing and 
studying  individual components of t h i s  spectrum  depends on t h e   m p l i -  
tude-frequency  characterist5c of the  regis ter ing  apparatus  and the  run- 
ning  ra te  of the  recording. Thus t o   i s o l a t e  and study  the  general  reg- 
u l a r i t i e s  of an e l e c t r o t e l l u r i c   f i e l d ,  it i s  of decisive  importance  to 
correctly  select   the  apparatus  parameters and t o  have  an ident ica l  ob- 
servation method for the  various  points.  The difficulty  connected  with 
the   c l a s s i f i ca t ion  of f i e ld   pu l sa t ions  of various  types i s ,  i n  our opin- 
ion,   caused  basically  by  differences  in  the  parameters of the  apparatus 
used, and  by t h e   e f f e c t  of l o c a l   f a c t o r s .  We have i s o l a t e d  and studied 
the  following  types of var ia t ion  most accurately  observable   in   the  re-  
cordings of ear th   currents :  1) storms  and  disturbances of  long  dura- 
t ion;  2) short-period  disturbances of stable  conditions ( P C )  and  pulsa- 
t i o n  t ra ins  ( p t ) .  

Below are  presented  the main charac te r i s t ics  of these  disturban- 
ces,  and c e r t a i n   r e g u l a r i t i e s   a r e   s e t   f o r t h  which  were noted by us as a 
r e s u l t  of s t a t i s t i c a l   r e d u c t i o n  of the  continuous  recordings made by 
the  Dushet i   Electrotel lur ic   Stat ion of t h e   I n s t i t u t e  of Geophysics, 
Academy of Sciences  Georgian SSR during  the  period of 1948-1958 (Refs. 
1-6) . 
Long-running E l e c t r o t e l l u r i c  Storms  and  Disturbances 

Under this  designation  are  grouped a l l  e l e c t r o t e l l u r i c   d i s t u r -  
bances  (with  the  exception of individual  bays and impulses)  lasting 
from 3-4 hours  to  several   days.  Here are  included  violent,  moderate, 
and weak disturbances w i t h  gradual and with sudden beginnings. Each 
long-running  storm  consists of various  pulsations of regular and i r regu-  
lar form, of alternating  bay-shaped  disturbances,  sharply  expressed 
individual  impulses  and  short-period  pulsations. Such storms  and dis-  
turbances are e a s i l y  and r e l i ab ly   de t ec t ed  on  slow r e g i s t r a t i o n s  (20 
and 90 m/hour) . 

To e s t ab l i sh   t he   r egu la r i t i e s   i n   t he   cou r se  of e l e c t r o t e l l u r i c  
a c t i v i t y ,   t a b l e s  were  compiled of the  hourly  three-point  characterist ics 
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according t o  the month, season,  and  year; a catalog was also  compiled 
of the   e lec t ro te l lur ic   s torms  and dis turbances  noted  in   Dushet i   in   the 
1948-1958 period ( R e f .  7) .  According. to  the  hourly  three-point  charac- 
. t e r i s t i c s ,   t h e   f i e l d  w a s  considered  quiet if in   t he   du ra t ion  of t h e  ex- 
amined time period (for example,  one hour),  the  amplitudes of t he   va r i -  
a t ions  of one or both EW and ITS elements were less   than  5 mv/km; moder- 
a te   dis turbance was when the  amplitudes of the   var ia t ions  changed wi th in '  
the  limits of 5-15 mv/km, and if  they  exceeded 15 mv/km the  disturbance 
was v io len t .  With the   a id  of these  tables  the  diurnal,   seasonal,  and 
year ly   var ia t ions  of disturbed  hours were studied, and t h e   a c t i v i t y  of 
each  day  during  the  11-year  period of observations was evaluated as 
well .  

In   the  catalog compiled  by  us,, 708 storms and disturbances  are 
included among which 146 were v io len t ,  179 were  moderate  and 383 were 
weak. The i s o l a t i o n  and  study of these  storms  and  disturbances was 
conducted on the  la t i tudinal   e lement ,   s ince a t  Dusheti it is  more d i s -  
turbed  than i s  the  meridional  one.  In the catalog  are  presented  the 
following  basic  characterist ics of long-running  electrotelluric  storms 
and disturbances:  the number of disturbances by  months  and years;   the 
beginning,  end,  and  duration ( i n  hours) of each  disturbance;  the  begin- 
ning  and  end  of  the  active  periods, and the   genera l   charac te r i s t ics  of 
a given  disturbance.  In  compiling  the  tables of the  hourly  three-point 
characterist ics  from  the  catalog, a l l  disturbances were excluded  which 
were  due to  thunderstorm phenomena and other   local   d is turbances.  

As a r e s u l t  Of t h e   S t a t i s t i c a l   a n a l y s i s  of the  data  of the   tables  
for   the  hourly  three-point   character is t ics  and of the   ca ta log ,   the   fo l -  
lowing  re,Qlarities were established. 

1. In   t he  overwhelming majority of cases,   the  disturbed  pulsa- 
t ions  in  storms  having a sudden beginning have higher  amplitudes  than do 
the  ones  in  storms  with a gradual  beginning. 

2. The duration of individual  distrubances  changes  within a 
wide range,  from  several   hours  to  several   days.  However, disturbances 
and  storms l a s t i n g  more than 3 days  were  comparatively  rare. From 1948 
t o  1958, a t o t a l  of 22 such  cases  out of 708 disturbances were noted   in  
Dusheti . 

3. A d e f i n i t e   r e g u l a r i t y   i n   t h e   d i s t r i b u t i o n  of beginnings,  end- 
ings and active  periods of e lec t ro te l lur ic   d i s turbances  was noted. The 
l a r g e s t  number of disturbances  begins  during  the  period  from 0400 t o  
1800 hours  with a maximum between 1.300 and 14-00 hours,  according  to 
universal  time. A large number of the  beginnings also occur  during  the 
period between 0500 and 0700 hours. Between 1800 and 0400 hours  they 
are  observed  comparatively  rarely. The period  from 0200 t o  0500 hours 
i s  characterized  by m i n i m u m  a c t i v i t y .  The majority of t h e   e l e c t r o t e l l -  
u r i c  storms and disturbances  end between 2100 and 2300 hours  (Figure 1). 
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Figure 1. Distr ibut ion  curves  of the  beginning,  end, 
and act ive  per iodsof   e lectrotel lur ic   s torms and d i s t u r -  
bances in   the   course  of a 24-hour period. 

hours 

1 - beginning; 2 - end; 3 - act ive  per iod 

hours 
Figuie  2.  Mea2 curve of t he   d iu rna l   va r i a t ion   fo r  
1948-1958. 

4. With the  help of the  hourly  3-point   character is t ics ,   the  
d iu rna l   va r i a t ion  of the  frequency of disturbed  hours i s  clear ly   appar-  
e n t .  The second  half of the  day i s  character ized  by  increased  act ivi ty  
i n  comparison  with  the f i rs t .  The  maximum number of disturbed  hours i s  
noted  between 1800 t o  2100 hours, and the  minimum from 0400 t o  0630 
hours,   according  to  universal   t ime. The form of the   d iurna l   var ia t ion  
i s  s teadi ly   repea ted   f rom  year   to   year .  ?"ne curves of the   d iurna l   var -  
ia t ion   ob ta ined   in   the   var ious   years  and the  average  yearly  curve  for 
11 years  (Figure  2)  agree well with  each  other.  The  maxima and min3da 
of the  frequency of e lec t ro te l lur ic   d i s turbances   in   the   d iurna l   course  
occur a t  almost  the same times f o r  a l l  the  years  examined. 

5 .  The data  from  the  catalog and the  hourly  three-point  charac- 
t e r i s t i c s  made it poss ib l e   t o   i so l a t e   t he   yea r ly   va r i a t ion  of t h e   f r e -  
quency of appearance of e l ec t ro t e l lu r i c   d i s tu rbances .  The l a r g e s t  
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nudber of long-running  storms  and  disturbances  occurs  during  the  equi- 
noxal months, vh i le  t'ne lowest number occurs  during  the months  of the 
summer and i<irter sols t ices   (Figure 3 ) .  It was es tab l i shed   tha t  June 
azld Jul;.: ere  charscter ized by a minimum of a c t i v i t y .  

n 

Figx-e 3. A7,Teyage ;-early varia-kion of e l e c i r o t e l l x r i c  
dis-Lurbaxes Tor 1948-1958. 

1 - according t o  the  individual  storms  and  disturbances; 2 - 
according t o  the  hourly  three-point  characterist ics;  3 - num- 
ber- of e lec t ro te l lur ic   s torms  and disturbances; II - number of 
cases.  

0 .  The m a x i n u E  a c t i v i t y  of t he   e l ec t ro t e l lu r i c   T ie ld  was noted 
i n  1951, 1952 , m-d 1956; and the minimum a c t i v i t y  in 1954 and 1955; t h i s  
is Fn coxplete  accordance with the  course of t he   l a t e s t   cyc le  of solax 
ac t iv i ty   (F igure  4). 

/ 

7. I n  s g i t e  of the somewhat re la t ive   na ture  of ac t iv i ty   eva lua-  
L Lion by meam of hourly  three-point   character is t ics ,  it can  be  maintain- 
ed  thzt   their   use   permits  a nmber of regular i t ies   in   the   behavior  of 
t h e   e l e c t r o t e l l u r i c   f i e l d  t o  be  isolated.  The curves of the  average 
yearly  course of a c t i v i t y  of t h e   e l e c t r o t e l l u r i c   f i e l d   ( F i g u r e  3); plot- 
t e d  on the  basis of the  data   in   the  catalog  (Ref .  1) a2d the hourl;i' 
character is t ics   (Ref .  2) I agree  :Jell among themselves. 

Short-Period  Disturjances of Stable  Conditions  acd  Pulsation Trains 

The observation,  isolation, and  accurate   c lass i f icat ion of the 
individual types of short-period  disturbances  consti tute a more complex 
task  than  the  study of long-running electrotelluric.storll ls  2nd d i s t u r -  
bances. 



The invest igat ion of short-period  disturbances of s t&le   condi -  
t ions  (PC) and pu l sa t ion   t r a ins   (p t )  on the   bas i s  of our r eg i s t r a t ions  
became poss ib le   in  1951 a f t e r   t h e   s e n s i t i v i t y  of r eg i s t r a t ion  was in -  
creased  ( to  0 .1-0.15 mv/lun) and  a conversion  from 20 mm/hour t o  40 and 
80 m/hour  running was effected.  

R 

L " ' " " ' " L  
1918' 4.9 50 51 52 53 54 55 56 57 fY58 

Figure 4. Average year ly   var ia t ion  of t he   ac t iv i ty  of 
t he   e l ec t ro t e l lu r i c  f ie ld  f o r  1948-1958. 

1 - number of e lec t ro te l lur ic   s torms  and disturbances (N); 
2 - number  of disturbed  hours  (n)  according  to  individual 
storms  and  disturbances; 3 - number of disturbed  hours  (n) 
according  to  the  hourly  three-point  characterist ics.  

The diurnal,   seasonal and year ly   d i s t r ibu t ions  of pc  and p t  were 
studied on the   bas i s  of the  round-the-clock  registrations made a t   t h e  
Dushet i   s ta t ion   in  1951-1958. On the   bas i s  of t he   r ap id   r eg i s t r a t ions  
of 1957-1958, the  limits of var ia t ion  of the  periods and amplitudes of 
these  pulsat ions were also  determined. 

As a r e s u l t  of t he   s t a t i s t i ca l   r educ t ion  of the 24-hour t e l l u r o -  
grams f o r  1951-199, the   fo l lowing   regular i t ies  were established  (Ref. 
8) * 

1. The amplitudes of pc a t  Dusheti change  from ten ths   to   severd  
un i t s  of mv/h.  Pulsations  with  periods of 15-23 seconds  were  noted 
most frequent ly  of a l l .  

2. The maximum amplitudes of PC reached 10 mv/km and the i r   pe r -  
iod was in   the  order  of 63-80 seconds. 

3. PC pulsations have  a c lear ly   expressed.   d iurnal   var ia t ion.  
The l a rges t  number of hours  with continuous ydlsations  from  year ' to 
year was noted i n  Dusheti  from O b 0  t o  1800-1900 hours  according  to 
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universal  time  (Figure 5) .  
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F ig i r e  5. Mean curve of the   d iurna l   var ia t ion  of PC f o r  
1951-1958. 

4. The average  seasonal  curves of the   d iurna l   var ia t ion  of  pc 
ind ica t e   t ha t   t he  number of hours  with  the  greatest   values of contin- 
uous pulsat ions  decreases   in   the  winter  months,  and increases   in   the  
summer. "!lis leads   to   the   concept  of the  influence of d i r e c t  solar 
rad ia t ion  on PC. 

Figure 6. Mean curve of the   d iurna l   var ia t ion  of p t  
f o r  1951-1958. 

5. According to   our   da ta ,   c lear ly   expressed   year ly   var ia t ion  of 
pc i s  not  observable. 

6. The average  yearly  curve  for  the  diurnal  variation of pulsa- 
t i o n   t r a i n s   f o r  1951-1958 (Figure 6) indicates  that   they  almost  never 
appear  between 0200 and 1400 hours  according to   universal   t ime.  The 
frequency of  appearance  of p t   a f t e r  130-1600 hours  sharply  increases 
and a m a x i m u m  i s  reached  between 1800-2100 hours ,   a f te r  which it grad- 
ual ly   decreases .  Such a r egu la r i ty   i n   t he   d iu rna l   va r i a t ion  of pulsa- 
t i o n   t r a i n s  i s  repeated  from  year  to  year.  



7. Upon comparing the  corresponding  data it was es tab l i shed   tha t  
pulsat ion  t ra ins   a t   Dushet i  have the same average  ye'arly  diurnal  varia- 
t i o n   a s   a t   p o i n t s  examined  by other  researchers.  

8. The average  yearly  diurnal of pt   var ia t ion  (Figure 6) agrees 
fa i r ly   wel l   wi th   the   d i s t r ibu t ion   for   the   ac t ive-per iod  days of long- 
running  storms  and  disturbances  (see  Figure 1). The lasges t  nmiber of 
pu lsa t ion   t ra ins ,   as  a ru l e ,  i s  coordinated  with  the maximum development 
of a c t i v i t y  of t h e   e l e c t r o t e l l u r i c   f i e l d .  

9. The yearly  course of p t   pu l sa t ions  i s  weakly e q r e s s e d .  Ac- 
cording to   the  average  values   for  1951-19%, a cer ta in   increase   in   the  
quantity of p u l s a t i o n   t r a i n s   i n  March and April  i s  noticeable. 
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111. REGULARITIES IN "HE EXCITATION OF SHORT-PERIOD 
PULSATIONS IN THE MIDDLE LATITUDES 

M. V. Okhatsimskaya, Yu. B. Rastrusin, I. I. 
Rokityanskiy  and R. B. Shchepetnov 

Study  of  the  short-period  pulsations (SPP) of  the  field  of  the 
earth's  currents,  conducted  during  the  IGY at  the  middle-latitude 
stations  of  the  Institute  of  Physics  of  the  Earth,  Academy  of  Sciences 
USSR,  permitted  us  to  isolate a number  of  general  regularities  in  the 
excitation  of SPP for  the  middle  latitudes  of  the  Soviet  Union. 

Investigations  were  conducted  over a vast  area  which,  in  longi- 
tude,  encompasses  more  than l / 3  of  the  globe.  The  stations  were 
variously  located. Two of  them,  Borok  and  Alma-Ata,  are  intra-conti- 
nental  and  two, Petkopavlovsk-Kamchatskiy and  Alushta,  are  located 
respectively  near  the  Pacific  Ocean  and  the  Black  Sea. All of  this 
allowed us to  affirm  that  the  regularities  isolated  are  sufficiently 
characteristic  for  the  middle  latitudes  in  general. 

The  data  from  the  analysis  of  the  registrations  of  earth  cur- 
rents  from  all  the  stations  confirmed  the  existence  of  two  pulsation 
regimes  for  the  field  of e&th Is currents-continuous  pulsation PC, 
and  train-type  pulsations  pt.  Pulsations  of  the  first  regime  have 
periods  of 15-40 seconds;  once  begun,  they  continue  for  hours.  They 
appear  in  the  daylight  hours of local  time.  Pulsations of the  second 
regime  appear  during  the  night  hours  of  local  time  in  the  form  of 
individual  groups,  or  in  series  of  groups  with  periods  of 50-90 seconds 
and a total  duration  of  from  several  minutes  to  several  hours. 

Previous  investigations  on  the  time  control  of  these  two  regimes 
led  to  the  concept  of  their  possible  subordination  to  universal  time. 
Such a concept  could  be  formed  on  the  basis  of  the  following  circum- 
stances:  first,  the  diurnal  variations  of SPP were  compared  on  the 
basis  of  stations  located  close  to  each  other  with  respect  to  longitude; 
second,  indistinct  maxima  were  compared  which  were  obtained  from a 
small number  of  cases;  this  did  not  permit us to isolate  the  longitude 
effect of the  displacement  of  maxima  even for stations  substantially 
removed  from  one  another.  In  addition  to  this,  in  both  regimes  pulsa- 
tions  undoubtedly  exist  which  appear  according  to  universal  time.  Such 
cases,  as a rule,  are  more  intensive  even  though  the  number  of  them  is 
coqaratively small. It is  natural  that  in  the  first  stages  of  the 
study  of SPP, cases  of  this  nature  attracted  more  attention  and  were 
one  of  the  reasons  for  the  concept  of  universal  time  as a basic  con- 
trolling  factor in the  excitation  of  SPP. 
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The data  obtained a t  the   fou r   midd le - l a t i t ude   s t a t ions   fo r   t he  
period of t h e  IGY indicate   with  cer ta inty  the  connect ion  of   the excita- 
t i o n  of short-period  pulsations  with  solar  i l lumination, where t h e  
bas ic   cont ro l l ing   fac tor  i s  l o c a l  time. Thus, steady  pulsations which 
are s t imula ted   dur ing   the   dayl ight   hours   a t ta in  a maximum around  the 
l o c a l  midday. Pulsa t ion   t ra ins ,  which p e r t a i n   t o   n i g h t  hours, a t t a i n  
a m a x i m u m  around  the  local  midnight. The direct   connection  of  the SPP 
with  i l lumination i s  confhmed by the  seasonal   var ia t ion:   the  m a l d m u m  
number of  cases  of  their  appearance  occurs  during  the sumer period, 
with a minimum during  the  winter.  The observedePfect  of  the  polar 
n igh t   i nme   An ta rc t i c  once again  confirms  this  connection. What has 
been  said  above  concerns  chiefly PC, s ince,   besides   the  diurnal  
var ia t ions ,   there  are no f ac t s   t o   con f i rm a pr incipal ly   nocturnal  
exc i ta t ion   o f   p t .  

The following feature character iz ing  the  middle   la t i tudes i s  
the  comparatively small amplitude  of  the  short-peri0.d  pulsations, 
which f o r  PC are measured i n  terms of mi l l i vo l t   f r ac t ions  and m i l l i v o l t  
units, and f o r   t h e   p t   p u l s a t i o n s   i n  terms of one t o   t e n   m i l l i v o l t s   p e r  
kilometer. 

Study  of  the  frequency  spectrum  indicates  that a t  a l l  of t h e  
middle l a t i t ude   s t a t ions   pe r iods   o f  15-30 seconds  predominate f o r  PC, 
while  periods  of 50-90 seconds  predominate f o r   p t .  I n  general   these 
periods encompass more than  half  of a l l  of   the  examined cases.  Periods 
of l e s s   t h a n  15 seconds and more than 30 f o r  PC, and  of less than 50 
seconds and more than 90 f o r  p t   cha rac t e r i ze   t he  middle l a t i t u d e s  
but l i t t l e .  

Diurnal  course  of PC and p t .  

The diurnal  variation  of  short-period  pulsations  of  the PC- and 
pt-   type was p l o t t e d   f o r  a l l  four s t a t i o n s  on t h e   b a s i s   o f   r e s u l t s  of 
the  primary  reduction of te l lu rograms  for   the  18 months of  the IGY 
(July 1957"December 1958). The  number of  cases  of PC reg is te red   for  
each  station, amounted on the   average ,   to  more than 5,000, and f o r   p t  
t o  more than 400. Processing  of  the material and the   p lo t t i ng   o f  
graphs a t  each   s ta t ion  was carried  out  according  to a s ing le   s e t  of i n -  
structions  by  various  workers  independently of one another. 

In  Fig. 1 summary graphs are presented  for   the  diurnal   courses  
of PC and p t ,  combined f o r  convenience  of  examination.  For  pc  and f o r  
p t   the   g raphs  were p lo t t ed   acco rd ing   t o   l oca l  and universal  time ( the  
abscissa axes). Along the   o rd ina te   axes ,   in  a l l  cases, are p l o t t e d   t h e  
number of  hours, n, i n  which cases  of  the  appearance  of  pulsation  have 
been regis tered.  
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Fig. 1. Summary diurnal  variation of PC and  pt  (June 1957- 
December 1958). 
a-graphs  plotted  according  to  universal  time;  b-graphs 
plotted  according  to  local  time;  1-Borok;  2-Alushta; 
3-Alma-Ata; 4-Petropavlovsk-Kamchatskiy. 

Upon  examination  of  the  graphs  plotted  according  to  universal 
time,  the  shift  of  the  extremal  values  of  the  quantit2es  of PC and  pt 
towards  midnight  is  clearly  seen.  This  displacement  is  all  the  greater, 
the  further  west  the  point  of  observation  is  situated,  and  the  differ- 
ence  in  the  hours  of  onset of the  corresponding  extremal  values  for 
the  different  stations  is  equal  to  the  difference  in  local  time.  Hence, 
it  follows : 1) the  onset of the  maximum  or  minimum of a regime  of SPP 
in  terms of universal  time  depends  upon  the  longitude  of  the  observa- 
tion  point; 2) the  diurnal  variation  of PC- and  pt-  type  pulsations 
is  controlled  by  local  time. 

The  graphs  plotted  according  to  local  time  indicate a very 
strong  coincidence of the  diurnal  variation  curves  for all stations, 
the  difference'in  the  curves  being  related,  apparently,  to  the  greater 
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Fig. 2.  Diurnal  variation  of PC a t  the  Petropavlovsk- 
Kamchatskiy s t a t ion .  
1-summer 1958; 2-winter 1957-1958; 3-autumn 1958; 
&spring 1958. 

o r  lesser number of  cases  considered.  Analysis  of  the  diurnal  varia- 
t ion  curves  of PC confirms  the  data  presented by V. A. Troitskaya on 
the  sharp  climb  of  the l e f t  slope  of  the  curve  and i t s  more s lan t ing  
descent. In our  case,   the  angles of i nc l ina t ion  of the  curves 
have a r a t i o   t o  one another of 1 : 1.3 which a t t e s t s   t o   t h e   r a p i d  
exc i ta t ion  of the  continuous  pulsations,   and  to  the  slower  process  of 
t h e i r   a t t e n u a t i o n .  A l i k e   a n a l y s i s   o f   p t  i s  d i f f i c u l t   t o   c a r r y   o u t  
because of t h e   r e l a t i v e l y  small number of  cases  and  the  result ing 
ind is t inc tness  of the  diurnal   var ia t ion  curves .  

In   genera l   the  l a w  f o r   e x c i t a t i o n  of t h e  SPP ( P C )  i s  depicted 
in   the   fo l lowing   form:   the i r  number sharply  increases  beginning a t  
0300-0400 hours ,   local  time, and  forms a broad maximum which encompasses 
a l l  the  daytime  hours. Thus, t he  maxumwn of PC occurs 8-10 hours 
after t h e  moment o f   t h e i r  minimum appearance. The curve  descends 
slowly,  and t h e  minimum i s  reached 1 4  hours   l a te r ,  a t  approximately 
midnight,  local time. 

The diurnal   course  of   pt- type  pulsat ions i s  opposite in char- 
ac t e r .  The maximum of  pulsat ions  here   occurs   a t   local   midnight ,  and 
t h e  minimum a t  midday. 

Proceeding  from  the  dependence  of  the SPP exci ta t ion  on i l l u -  
mination,  one  sh0d.d  expect  seasonal  changes i n   t h e   d i u r n a l   d i s t r i b u -  
t ion .  The r egu la r i ty   i n   t he   s easona l   va r i a t ion   o f   t he   d iu rna l   va r i a -  
t i o n  of PC, general  for a l l  s t a t ions ,  i s  presented for the  Petropavlovsk- 
Kamchatskiy S ta t ion  where it is more clear ly   expressed  (Fig.  2). From 
the  graphs it can  be  seen  that  the summer curve is  s i tua ted   h igher ,  
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while  its  nighttime  minimum  is  the  narrowest.  The  winter  curve, 
conversely,  has a low position  with a broad  nighttime  minimum.  The 
curves  for  the  equinoxes  have  an  intermediate  position  and  practically 
coincide  with  one  another. 

No regularity  whatsoever  is  manifested  for  pt  in  the  seasonal 
change  of  the  diurnal  variation  at  any  of  the  stations. 

Distribution  of PC and  pt  according to,periods and  amplitudes. 

A s  the  study  of  the  frequency  spectrum of the  pulsation regkea 
of  the  field  of  the  earth's  currents  indicates,  the  percentage  ratio 
of pulsations  of  various  periods  is  approximately  the  same  for  each  of 
the  stations. 

For all  stations,  in  general,  the  maximum  is  the  number  of PC 
with  periods  from 15-30 seconds;  this  amounts  to 80 percent  of  the 
total  number  of  cases (22,550) considered. For pt  the  maximum 
number  consists  of  pulsations  with  periods  from 50 to 90 seconds: 
around 60 percent  of  the  entire  number (2,270) of  the  examined  cases 
(Fig. 3 ) -  

The  limits  of  the  most  probable  values  of  the  amplitude  gradients 
for PC and  pt fo r  each  station  are  presented  in  Table 1. 

- 
Amplitude  Gradients, mv/m 

Station PC Pt 

Borok 
Alushta 
Alma-Ata 
Petropavlovsk-Kamchatskiy 

0.3-0.5 1.0-1.5 
2.0-2.5 10.0-15.0 
0.7-2.0 2.0-5. o 
0-5-2.5 4.0-8.0 

Table 1 

From  this  table  it  can  be  seen  that  the  amplitude  gradients  are  higher 
for  the  coastal  stations  than  for  the  inner-continental  stations. 

In addition  to  frequency-amplitude  analysis,  the  study of the 
predominant  direction  of  the  flux  of  the  earth's  currents  was  made  at 
the  middle-latitude  stations. This preliminary  study  was  conducted 
chiefly  on  the  basis  of  excitations  of  the  sudden  commencement  type 
(ssc)  and  bay-like  excitations (b). The  values  of  the  angles  and  the 
directions of earth-current flux for  the  various  stations  are  presented 
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Fig. 3. Distribution of PC and  pt. 
a-overall  distribution  according  to  period;  b-average 
distribution  according  to  season;  c-percentage  distri- 
bution  according  to  period. 
The  arbitrary  designations  are  the  same as 'in  Fig. 1. 

in  Table 2. 

For the  shore  stations  the flux of the  earth's  currents  has  a 
tendency  to  the  direction  perpendicular  to  the  shoreline. 

Seasonal  variation of PC and pt. 

Study of the  seasonal  variation of SPP at  all of the 
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Station Direction 

Borok 
Alushta 
Alma-Ata 
Petropavlovsk-Kamchatskiy 

Table 2 

middle-latitude  stations  did  not  disclose  an  entirely  unequivocal 
dependence  of  changes  in  the  quantity  of SPP on  the  time  of  year. 
Whereas  it  is  still  possible  to  speak  of  a  definite  tendency  toward 
more  frequent  appearance  of PC in  the s m e r ,  no  kind  of  regularity  is 
observable  for  pt. 

Taking  into  account  a  direct  connection  between  the  excitation 
of SPP and  solar  illumination,  it  becomes  clear  that  the  seasonal 
changes  in  the SPP are  manifested  less  and  less  from  the  poles  toward 
the  equator.  Hence  it  follows  that  the  indistinctness  of  the  seasonal 
variations  of SPP in  the  middle  latitudes  is  completely  in  order.  It 
is  apparently  this  fact  which  explains  the  contradictory  data  advanced 
by  various  researchers.  It  is  quite  possible  that  a  clearer  pattern 
of  the  seasonal  changes  in  the SPP will  be  provided  not  by  study  of  the 
total  number  of PC and  pt,  but  by  study  of  cases  of  pulsations  with 
respect  to  intensity  of  the  amplitude ( A  + B). 
Brief  conclusions. 

Results  of  the  comparisons  of  data  obtained  at  the  four  middle- 
latitude  stations  permit  us  to  make  the  following  conclusions  as  to  the 
character  of  the SPP excitation  of  the  earth's  electromagnetic  field 
in  the  middle  latitudes. 

1. The SPP are  characterized  by  two  essentially  different 
regimes:  continuous  pulsations PC, with  periods  of 15-40 seconds,  and 
train-type  pulsations  pt,  with  periods  of 50-90 seconds. 

2. These  two  regimes  develop  in  such  a  manner,  in  relation  to 
local  time,  that  the  maximum  of  pc  occurs  at  the  local  midday,  and  the 
maximum  of  pt  at  local  midnight. 

3. The  growth  of  excitation  of PC occurs  approximately 1.5 times 
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faster than their  a t tenuat ion.  

4. The seasonal   d i s t r ibu t ion  of PC and p t  is expressed m- 
c l e a r l y ;   t h i s  i s  apparently normal for   the  middle   la t i tudes.  However, 
one can  speak  of a tendency  towards  an  increase i n   t h e  amount of PC i n  
t h e  summer and towards a decrease in   w in te r .  No tendency  whatsoever 
i s  observable   for   pt .  

5. The amplitudes of SPP i n   t h e  middle lati tudes,  in   genera l ,  
are not   large and f o r  PC amount t o   f r a c t i o n a l - u n i t  and unit mi l l i vo l t s  
per  kilometer,  while f o r  p t ,   t hey  amount t o  1-10 mi l l ivo l t s   per   k i lo-  
meter. A tendency is noted  for  an increase  in   the  ampli tudes  for  
coas t a l   s t a t ions .  

In  conclusion, we should  dwell on a number of problems, t he  
necessi ty   for   the  s tudy  of  which  developed In  the  process  of t he  
primary  processing of t he  materials. 

A l a rge  number of   observat ions  indicates   that   the   s t ructure  of 
the  PC and p t  regimes i s  complex. In   add i t ion  t o  t he  undoubted  depend- 
ence  of SPP exc i ta t ions  on l o c a l  time, control  by universal  time a lso  
exists. During t h e   i n i t i a l   p r o c e s s i n g  of t he   da t a  and plot t ing  of   the 
respective  graphs, no cases of t h i s   na tu re  were isolated.   This   led,  
on one  hand, t o  a less clear   determinat ion  of   the  re la t ionship of the 
processes of SPP e x c i t a t i o n   t o   t h e   l o c a l  time, and on the  other,   did 
not  permit us to   s tudy   t he   deg ree  of t he   e f f ec t  of universal  time on 
these  processes.  

In   t he   fu r the r   s tudy  of SPP, a de t a i l ed   c l a s s i f i ca t ion  of t he  
pulsations  should  be made and groups  with  principal  subordination t o  
universal  and t o   l o c a l  time should  be  isolated. The analysis of these 
groups,  which poss ib ly   d i f f e r   i n   o r ig in ,   shou ld   f i na l ly   r e so lve   t he  
question as t o   t h e  time cont ro l   fac tor  of SPP. 

To t e s t  the  conclusions and hypotheses made i n   t h i s   a r t i c l e ,  
analogous  research must be  carried  out a t  other  middle-lati tude 
s t a t ions  o f  t h e  I G Y ,  i n   p a r t i c u l a r  a t  s t a t ions   l oca t ed   i n   t he   wes t e rn  
hemisphere. A thorough  frequency-amplitude  analysis o f  t he  two SPP 
regimes  with  the  determination  of a re la t ionship  between the   exc i t a t ion  
of pulsations a t  various  periods and amplitudes and t h e  time of  day 
could  be  of great i n t e r e s t .  

It i s  n o t   t o  be  doubted tha t   re l iab le   conc lus ions  as t o   t h e  
nature o f  SPP and other problems in   t he   s tudy  o f  t h e   f i e l d  of t he  
ear th 's   currents   can  be made only  joint ly   with  the  research on other 
phenomena of the  electromagnetic complex. 
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IV. SHORT-PERIOD  PULSATIOPTS OF TIB ELECTROTELLURIC  FIELD 
(According t o  the  Observation  Periods  in  Irkutsk) 

P. A. Vinogradov 

The study of short-period  pulsations (SPP) is based  mainly on 
observations made at t h e   s t a t i o n s  of Bayanday ( R e f .  1) from September 
1957 t o  August 1959 and Uzur ( R e f .  2) from September 1958 t o  October 
1959 

The q u a l i t y  of the  recordings at t h e  Uzur stat ion  permit   us  
confidently and r e l i a b l y   t o   d i v i d e   t h e  SPP i n t o  pc and pt  c lasses  
(Ref. 3) and t o  f ind  their   parameters ;   d iurnal   per iods wZth SPP and 
without them can be c lear ly   seen  on the  recordings  (Fig.  1). Numerous 
d is turbances   in   the   reg ion  of the  Bayanday s ta t ion  considerably com- 
p l i ca t ed   t he   i n t e rp re t a t ion  o f ’  the  recordings.  The p ro f i l e s  of t he  

disturbances  frequently  suggesting  pt-class  pulsations.   Therefore  in 
some cases  the  accurate  determination  of  pt   can be made only  af ter  
comparison  with  the  data o f  some o ther   s ta t ion .  The data  supplied by 
Committee No. 10 of the  Internat ional   Associat ion o f  Geomagnetism  and 
Aeronomy were used f o r  t h i s  purpose  (Ref. 4) .  

1 

According t o  the  recordings made a t  Bayanday and Shamanka, t h e  
pc-type  pulsations  were  divided  into 3 groups:  A-clearly expressed 
pulsations  (amplitude more than 5.4 mv/km); B-normal, but  accurately 
determinable  pulsations  (amplitude 1.6-5.4 mv/km), and C-doubtful 
cases  (amplitude  less  than 1.6 mv/lm). 

Continuous  Pulsations, PC. 

The d iu rna l   d i s t r ibu t ion  of PC-S(pc).  According t o  observa- 
t i o n s   a t  Bayanday, S(pc)  has  the  shape of a simple wave with one 
m a x i m u m  and one minimum.  The m a x i m u m  of S(pc)   occws   a t   the  midday 
hours  with a center  at 1000-1100 hours  local  t ime (0300-0400 hours 
universal   t ime) ,  and the  minimum during  the  night  hours  with  the  center 
at 2300-OlOO hours   local  time (1600-1800 hours  universal   t ime).  

A s i m i l a r i t y  is observable i n   t h e  shape of S(pc) f o r  the  
various  seasons and years .  A genera l   charac te r i s t ic  of all seasons 

1 
In  connection  with  this,  at the  end of February, 1959, observations 
were t ransfer red  t o  Shamanka (15 kilometers from Bayanday). 



Fig.  1. Examples  of recordings of var ia t ions o f  the   eas te rn   por t ion  
of t h e   e a r t h ' s   c u r r e n t   f i e l d   a t   t h e  Uzur s t a t ion .  
Universal time. Upper two recordings-pc;  lower  recording-pulsation 
of a large  period;  middle  recordings-very weak PC (24  February 1959) 
and t h e i r  complete  absence  (25  October 1958). Sens i t i v i ty  of t he  
r eg i s t r a t ion  was 1 . 2  x 0.11 mv/h  x mm. 
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Fig.  2. Distribution  of  pc  according  to  hours of local 
time  at  Bayanday. 
a-all pc  for  November  1957-August 1958; b-all  pc  for 
September  1958-August 1959; c-pc  with an amplitude  from 
1.6 to 5.4 mv/km  for  September  1957-August 1958; d-pc  with 
an  amplitude  from 1.6 to 5.4 mv/km  for  September  1958-August 
1959; e-pc  with an amplitude  exceeding 5.4 mv/km  for 
September  1957-August 1958; f-pc  with an amplitude  exceed- 
ing  5.4  mv/km  for  September  1958-August 1959; 1-smer; 
2-equinox;  3-winter. 
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Fig. 2. Distribution of PC according  to  hours of local 
time  at  Bayanday. 
a-all PC f o r  November  1957-August 1958; b-all pc f o r  
September  1958-August 1959; c-PC  with an amplitude f rom 
1.6 to 5.4 mv/km  for  September  1957-August 1958; d-pc  with 
an  amplitude from 1.6 to 5.4 mv/km f o r  September  1958-August 
1959; e-pc  with an amplitude  exceeding 5.4 mv/km for 
September  1957-August 1958; f-pc  with an amplitude  exceed- 
ing 5.4 mv/h for  September  1958-August 1959; 1-summer; 
2-equinox;  3-winter. 



is  t h e  asymmetry  of t h e s e   d i s t r i b u t i o n s   i n   r e l a t i o n   t o  noon. The 
degree of asymmetry  from season t o  season  changes l i t t l e ,  but some de- 
crease of it is observed i n   t h e  summer. E x t r e m a l  values of S(pc) 
undergo marked changes in   the  course  of  a year, an increase   in   the  
m a x i m u m  being accompanied  by an increase in t h e  minimum but  not i n  equal 
measure. Owing t o  t h i s  a change a l s o  occws  in  the  amplitude  of  S(pc);  
there  i s  disclosed a considerable predominance  of t h e  m a x i m u m  of  S(pc) 
i n  summer, both i n  t h e  first and second  year  of  observations (95.5 and 
94.2  percent  respectively) , over the  m a x i m u m  observed  fn  winter  (75.2 
and 63.5 percent ) ;   the  maximum of S(pc)  during  the  equinoxes is 10 
percent lower than   the  m a x i m u m  observable i n  summer. 

The s i z e  of t h e  in te rva l  favorable f o r  t h e  appearance o f  pc 
increases f rom ~ n t e r  t o  summer. According t o   t h e   r e s u l t s  o f  t he  
f irst  year of measurements, these  pulsat ions were noted  in  winter 
p r i n c i p a l l y   i n   t h e   i n t e r v a l  from 0500 t o  1800 hours, and i n  summer 
from 0200 t o  2000 hours. The period  favoring  the  appearance of pc i n  
the  summer of  1959 increased still more considerably. I ts  spread t o  
e a r l i e r  and la te r   hours  of local   t ime,  and the  considerable   increase  in  
the  number o f  hours  with PC, may indica te  a ce r t a in   r e l a t ionsh ip  
between the  appearance of  pc and so lar  wave r ad ia t ion .  

The time of t h e  maximum o f  S(pc) is more s table   than  the  t ime 
of the  minimum. 

It is i n t e r e s t i n g  t o  examine s e p a r a t e l y   t h e   d i u r n a l   d i s t r i -  
bution of pc of var ious   in tens i t ies   (F ig .  2 ) .  Charac te r i s t ic  of t h e  
d iurna l   d i s t r ibu t ion  of pu lsa t ions   wi th   the   g rea tes t   in tens i ty  S(pcA) is 
t h e i r  complete  absence in   the  night   hours   (with  the  except ion of t he  
summer 1959) and the   l oca l i za t ion  o f  t h e   i n t e r v a l  of their   occurrence 
around l o c a l  midday. The limits of t h e   i n t e r v a l  of exc i ta t ion  of pcA 
vary  both  with  respect t o  season and f r o m  yea r   t o   yea r .  Whereas, f o r  
example, i n   t he   w in te r  1954-1958 pc A were observed  pr incipal ly   in   the 
period from 0800 t o  1500  hours  local time, and i n   t h e  summer of 1958 
f rom 0500 t o  1700 hours ,   i n   t he  summer of 1959 the  per iod  favorable  
f o r  the  appearance of  pcA was the  period from 0200 t o  2000 hours 
local   t ime.  The m a x i m u m  of the  frequency of appearance of pc A 
was observed  during 0800-1100 hours   local  time. The m a x i m a l  frequency 
of the  appearance of these  pulsat ions is observed i n  summer. 

I n   d i s t i n c t i o n  from S(pc) and  S(pcA), t h e  m a x i m u m  o f  S(pcB) i s  
very  wide, and i n   t h e  summer of 1959 it even  had the  shape of a 
double wave. The appearance  of   these  pecul iar i t ies  of S(pcB) i s  con- 
nected  with  the  diurnal  change i n   t h e   i n t e n s i t y  of the  continuous 
pulsat ions.  Not only may the  curves of S(pcB)  be  interpreted  as  curves 
i l l u s t r a t i n g   t h e   d i u r n a l   d i s t r i b u t i o n  of t h e  number of pulsat ions of 
a definite  amplitude,   but a l s o  as curves   character iz ing  the  pat tern of 
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Fig. 3. Distribution  of PC according to hours of local 
time at Uzur . 
a-all PC; b-pc with an amplitude  exceeding lmv/km; 
c-PC with an amplitude of 0.18 mv/lan; 1-summer; 
2-equinox;  3-winter. 



the   d iurna l  change  of i n t e n s i t y  of PC. Looking at S(pc A) and S(pc B)  , 
we see t h a t  a more rapid growth of i n t e n s i t y  of the  continuous,pulsa- 
t i o n s  from the   n ight   hours   to   the  day  hours i s  observed i n  %he summer, 
when a considerable number of PC (as the  intensi ty   increases)   a l ready 
at 0400 hours  passes from group B t o  group A, whereas i n  winter  such a 
t ransi t ion  begins   mainly a t  0800 hours   local  time. 

J u s t  as at the  Bayanday s ta t ion,   the   greatest   f requency  of  
occurrence PC at t h e  Uzur s t a t i o n  is observed at l O O O - l 3 O O  hours   local  
time (Fig. 3 ) .  The S(pc.) a t  t h e  Uzur s t a t i o n  is  not  symmetrical  rela- 
t i v e   t o   t h e   l o c a l  midday, the  degree of asymmetry decreases  from winter 
t o  summer. 

The duration of the  m a x i m u m  of S(pc)  increases from winter t o  
summer, but  the  center of the maximum i s  observed  mainly i n   t h e   i n t e r -  
v a l  of 1000-1100 hours  local  t ime. Comparing the  frequency of occur- 
rence  of  continuous  pulsations a t  moments of the  extremes of S(pc)   in  
Uzur and Bayanday, w e  observe a s ignif icant   increase of the  frequency 
of occurrence of PC a t  t h e  midnight  hours i n  Uzur with a comparatively 
weak increase of repeatabi l i ty   during  the midday hours. As a result 
a more equal   d i s t r ibu t ion  of pc takes   place  in  Uzur over all the  hours 
of the  day. 

The d iu rna l   d i s t r ibu t ion  of weak PC (with an amplitude less 
than  0.18 mv/km) is  represented by a simple wave with a maximum during 
the  night  hours (2100-2400 hours) and t h e  minimum i n   t h e  dqy hours 
(0800-1100 hours)  local  t ime. As a result of such  an  uneven d i s t r i -  
bution of weak pulsat ions  in   the  hours  of the  day,  the  shape of S(pc) 
depends on t h e   s e n s i t i v i t y  of the  recorder.  

Comparing the   d iu rna l   d i s t r ibu t ion  of the  intensive pc i n  
Bayanday and i n  Uzur, we f i n d   t h a t   t h e r e  is no substant ia l   d i f ference 
between  them. 

Relationship of PC t o   t h e   a c t i v i t y  of the  geomagnetic f i e l d .  
With an inc rease   i n   t he   ac t iv i ty  of the geomagnetic f i e l d ,   t h e  
frequency of  appearance o f  PC increases:  whereas the  average  occur- 
rence of  pc f o r  days  with 0 magnetic  characteristic amounts t o  27.4 
percent,  for  days  with a 2 charac te r i s t ic  it amounts t o  62.8  percent. 
With an increase  in   the  magnet ic   act ivi ty   the  durat ion,   in   days,  of 
the  period  favorable  for  the  appearance of PC (Fig. 4)  a l s o  increases. 
R e g u l a r  change  of the  asymmetry of S(pc)   in   re la t ion   to   the   degree  of 
geomagnetic a c t i v i t y  i s  not  observed. For example, t h e   r a t i o  of the  
number or' hours  with PC i n   t h e  first half  of  day t o   t h e  number of hours 
with PC i n   t h e  second half  of  day  with 0 and 2 charac te r i s t ics  i s  the  
same and is  equa l   t o  1 .4  : 1. The moments of the  maxima of S(pc)  do 
not depend on the  degree of a c t i v i t y  of the geomagnetic f i e l d .  
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Fig.  4. Distr ibut ion of  pc  according t o  hours of l o c a l  
time during  the  days of varying  magnetic  activity  (0,1,2).  

The d i s t r ibu t ion  o f  PC according t o  per iods  indicates   that  
SPP with 20-25 sec  periods are encountered most f requent ly   (Fig.  5a), 
periods f rom 15-30  sec are encountered  with  sufficient  frequency, and 
pulsations  with  periods more than 40 sec are s ign i f i can t ly  rarer 
(pulsations  with  periods of less than 8 sec were examined separately,  
and these   da ta  are not  presented  here).  

The dis t r ibut ion  curves  o f  pc  according t o  per iods  for   the 
in te rva ls  f rom 0600 and 1200 and from 1200 and 1800 hours   local  tbne 
d i f f e r  from one another  very  insignificantly  (Fig.   5b).  On disturbed 
days  pulsations  with  periods  of 10-16 sec are t h e  most frequent, 
while on quiet  days-pulsations  with  periods of  20-30 sec are the  most 
frequent. Comparing the   d i s t r ibu t ion   curves  of pc by  periods  in 
I rkutsk and i n  Aleksandrovsk-na-Sakhaline (Fig.  5c ,  d ) ,  we f ind  an 
almost  complete  coincidence o f  the  curves  for  disturbed  days and a 
cer ta in   d i f fe rence  o f  the  curves   for   quiet   days,  which, apparently, 
was caused  by  the  fact   that   the   mater ia ls  employed did  coincide  ac- 
cording t o   t h e  time of observations. Comparison  of the  PC d i s t r ibu -  
t i o n  by periods f o r  shor te r   in te rva ls  of time has shown tha t   t he  
pulsations  observed  simultaneously i n  Aleksandrovsk-na-Sakhaline and i n  
Irkutsk  coincide w e l l  wi th   respect  t o  frequency. 

Amplitude cha rac t e r i s t i c s  of PC. The amplitude o f  continuous 
pulsations is at  a maximum a t   t h e  midday hours,   local time, and is a t  
a minimum in  the  night   hours;   the  change of  amplitudes  occurs  gradually 
(Table 1). The change  curve  according t o  hours o f  the  day of the  
average-hourly  amplitudes o f  PC, similar t o   t h e  curve f o r  S(pc),  has 
the  appearance  of a simple wave with a m a x i m u m  a t  t he  midday hours 
(1100-1200) and a minimum at the  midnight (2300-2400) n o m s ,  l o c a l  
time. 
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n .  A b T, sec d T, sec 

Fig.  5 .  Distr ibut ion of PC according to   pe r iods .   a -gene ra l   d i s t r i -  
but ion;   b-dis t r ibut ion  in   the 0600-1200 hours   i n t e rva l   ( so l id   l i ne )  
and from 1200 t o  1800 hours  (broken  l ine) of t h e   l o c a i  time; c,d-dis- 
t r i bu t ion  on the  days of various  magnetic  activity; on in te rna t iona l  
quiet   days  (broken  l ine) and on internat ional   dis turbed  days  (sol id  
l i n e )  ; according t o  observations a t  Aleksandrovsk-na-Sakhaline ( c )  
and in   I rkutsk  (d) ;   e-according  to   s imultaneous  observat ions  in  
I rkutsk  (broken  l ine)  and i n  Aleksandrovsk-na-Sakhaline ( s o l i d  l i ne )  
f o r  shor t   in te rva ls .  The da ta  were obtained on t h e   b a s i s  of recordings 
with a rp t a t ion  of 30 mm/min. 
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The shape of the  curve of t he   d iu rna l  change of the  average- 
hourly  mpll tudes of PC changes l i t t l e  with  the times o f  the  year .  
The most intensive  pulsations  appear  during  the  course of t h e   e n t i r e  
year i n  t h e   i n t e r v a l  of OgOO-12OO hours ,   local  time, bu t   t he   i n t e rva l  
of occurrence of in tens ive  pc i s  more l eng thy   i n  summer (0600-1500 
hours)   than  in   winter  (0800-1200) or i n   t h e  equinoxes  (0700-1400  hours). 

A c lose   cor re la t ion  is observed  between  the  diurnal  distribu- 
t i o n  and the   d iu rna l  changes of the  average-hourly  amplitudes of PC 
(Fig.  6).  

Seasonal  course of  PC. The noticeable   increase in t he  number 
of hours  with pc from wtnter t o  summer a t t r ac t s   a t t en t ion   (F ig .  7). 
Thus i n  1958 t h e   l e a s t  number of hourswith PC was observed i n  November 
(about 20 percent)  while  ' the  greatest  number of hours was i n  June 
(54.6 percent) . An analogous  increase  - in  the number of hours  with 
PC f rom winter t o  summer w a s  observed i n  1959: t h e   l e a s t  number  was 
i n  January  (22.4  percent) and the   g rea t e s t   i n   June  (77.5 percent) .  

F ig .  6. Correlation between the   d iurna l  
d i s t r ibu t ion  of continuous  pulsations 
( s o l i d  l i n e )  and the   d iurna l  changes 
of amplitude  (broken l i n e ) .  
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Fig. 7. Distr ibut ion 
of PC by months. 
a-al l  PC; b-pc  with  an 
amplitude  exceeding 5.4 
mv/km; C-PC with an 
amplitude from 1.6 t o  
5.4 mv/b. 
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In add i t ion   t o   t he   i nc rease  i n  the  frequency  of  appearance of 
PC from winter t o  summer, . a  marked r i s e  i n  t h e i r   i n t e n s i t y  i s  noted: 
the  average  mplitude  of PC in   win ter  is equal   to   0 .29 mv/km, and 
i n  summer t o  1 .Og mv/km (Table 1). A rise of PC i n  t h e  summer months 
can also be  seen from the  increase of t he  number of intense  pulsa- 
t i o n s  from w i n t e r   t o  summer: pulsat ions  with an amplitude  exceeding 
5.4 mv/h amounted i n  winter t o  only  2.6  percent of t h e   e n t i r e  number 
of PC, whi le   in  summer these  pulsat ions amounted t o  29.6  percent. 

Analogous r e s u l t s  f o r  t he   d i s t r ibu t ion  of the  frequency of 
appearance and i n t e n s i t y  of PC by seasons of the  year  have  been ob- 
ta ined from the   da t a  of observations at Uzur (Table  2). Comparison 
of the  yearly  changes of t h e  average-monthly  amplitudes of PC with 
the   yea r ly   d i s t r ibu t ion  of the  frequency of their  appearance shows a 
c lose   cor re la t ion  between these  values:   they have t h e  shape of a 
simple wave with a minimum i n  December  and a m a x i m u m  i n   J u l y .  A 
cer ta in   para l le l i sm i s  observable   in   the  year ly  change i n   t h e  K-and S- 
cha rac t e r i s t i c s  of magnet ic   act ivi ty  and the  frequency of occurrence  of 
PC - 
Pulsat ions  Trains ,   p t  . 

Diurnal  course of p t .  Whereas the   r egu la r i ty  of t h e i r   d i s t u r -  
bance from day t o  day i s  cha rac t e r i s t i c  f o r  pc pulsations,  f o r  p t  
pu l sa t ions   t h i s   r egu la r i ty  i s  not  observable. 

During  the  year of  observat ion  a t  Uzur, the  number of days  with 
p t  amounted t o  38 percent  while  the number of  hours  with  these  pulsa- 
t ions  (according t o  t h e   r a t i o  of the number of hours of observations) 
amounted only t o  around 3 percent.   During  this same period  the number 
of  days  with PC amounted t o  93.7 percent,   while  the number of hours 
with PC was 71.1 percent.  

S(pt)   has   the  shape of a simple wave wi th   the   l a rges t  number 
of appearances of pulsations  in  the  midnight  hours and t h e   l e a s t  
number at t h e  midday hours,  local  time  (Table 3) .  In the  course of t h e  
en t i r e   yea r   p t  are observed  mostiy from 2200 t o  0200 hours ,   local  
time, and from 0700 t o  1500 hours  they are, as a rule,  encountered 
very   ra re ly .  The  number of cases of p t  i s  somewhat l a r g e r  i n  t h e  
i n t e r v a l  from  1200 t o  2400 hours  than from 0000 t o  1800 hours. 
Asymmetry of S (p t )  i s  observed i n  a l l  the  seasons of the   year ,  and 
from year t o  year.  

Frequently  during  the  evening and night  hours  pulsations axe 
observed which approach pt  according t o  period,  but do not  have a 
dampening pulsa t ing   condi t ion   charac te r i s t ic   for  them. The d iurna l  
d i s t r ibu t ion  of  such  pulsations  with a large  per iod PLP is analogous 
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Table I 

Chmges of t h e  Average  Hourly  Amplitudes of pc ( i n  mv/km) According t o  
Hours of the  Day on the  Basis of Observations a t  Uzur .  

Months j j I I  

Avera e amplitude 
for t 8 e  month 

111 1 1v j I I lylll I I I I 
- 

74,7 68,8 72.6 78,9 86.8 73,7 82.4 84,O ! I !  
14.2 

0,401 0,30 0,9Q 0,94 1,14 1.52 0.93 0,83 0.54 0,47 

ti,5 25,3 30,2 37.5 36.4 34,2 21,s 

Table I1 

Distr ibut ion of PC by Months According t o  Observations  in Uzur. 
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Hours of t h e  day I 1 

Bayanday 
Winter 18 
Summer 18 
Equinox 25 

Bayanday 

uzur 

Winter 1 I 1 
Summer - 
Equinox 

Year " 

Amplitude - - 
PLP 

aver  age 

- 1 

I 

1 1 
I 
1 - 

I I 

1,70 1,65 
1 1 
" 

Table I11 

._c 

14 18 19 18 
8 It? 20 20 

12 16 26 22 
- 

21 24 31 30 

2,8t 3,08 3.04 3.M 
J 

10 17 22 28 I 

D is t r ibu t ion  of S(pc)  by Hours, Local  Time.  



Magnetic cha rac t e r i s t i c s  of the  day 
Time of Year 

. .. 

0.5 1.0-1.5 2.0-2.5 
I 

Winter 
Summer 
Equinox 

2.97 
2.02 
2.77 

4.84 
2.22 2.50 
4.42 

3.84 4.11 

Table IV* 

Number of Hours w i t h   p t   ( i n  $J of Total  Number o f  Hours of Observations). 

* 
Compiled on the   bas i s  of observations made i n  1952-1955, 

UZUr 

Months 

No. of cases of p t  ( 2 1 ~ 1 8 ~ 1 5 ~ 2 5 ~ 1 2 ~ 2 8 ~ 1 7 ~ 1 8 ) 1 8 ~ 1 4  

AG\erage amplitude of p t ,  . .  
mv/h 4.223.41 I .64 '2,803.25 2.51 2,69 2 , n  2,702,51 

1 16 I 15 1 1 1  I 9 1 17 1 11 1 9 1.19 1 18 I 2 0  
PLP 

Bayanday, average f o r  
1957-1959 20 15 18 14 17 13 18 14 16 19 

14 I 16 

17 I 13 
14 18 

Table V 

Distr ibut ion of p t  by Months of t he  Y e a r .  
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t o   t h e   d i u r n a l   d i s t r i b u t i o n  of pt   (Table 3) .  The year ly   d i s t r ibu t ion  
of p t  and Pi2 also  coincides.  Thus one can  suppose t h a t   t h e  nature 
of p t  and PLP, apparently, are one .and t h e  same. 

The most in tens ive   p t  are observed  during the nZght hours. 
There is a paral le l ism  between  the  diurnal   dis t r ibut ion of p t  and t h e  
d iurna l  change  of the  amplitudes (just as f o r  PC) .  

Relationship of p t  with  the  magnet ic   act ivi ty  and the   seasonal   var ia -  
t i o n  of p t .  

The pecu l i a r i t y  of S(pt)   noted above, a clearly  expressed 
simple  diurnal wave with  the most frequent  appearance of pt   dur ing 
the  midnight  hours, i s  repeated  without   substant ia l   changes  in   the 
various  seasons and on the  days of various  magnetic  activity.  During 
all the  seasons  of  the  year  the number of cases of the  appearance of 
pt   (Table 4 )  increases  with an increasein  the  magnetic  activity,   but 
t h e i r  m a x i m u m  r epea tab i l i t y  i s  observed  not on the  days of the   g rea tes t  
magnet ic   ac t iv i ty   (wi th   d iurna l   charac te r i s t ics  of 2.0 and 2.5)  but on 
days of average  act ivi ty   (with  character is t ics  of 2 .1  and 1 .5 ) .  

No de f in i t e   r e l a t ionsh ip  o f  the  frequency  appearance of p t  t o  
the  seasons of the  year w a s  observed. A t  the  same time it can  be  seen 
from Table 4 that   p t   are   encountered more f r equen t ly   i n  winter than 
i n  summer. An analogous  pattern o f  the   year ly  change of pt   can be 
obtained from Table 5 i f  the  yearly  changes of p t  and t h e  PLP are 
examined together .  The amplitude of p t  i s  not iceably  greater   in   winter  
months than i n  the  summer and the  equinoxes. 

Dis t r ibu t ion  of pc and pt  according t o  l o c a l  and universal time. 

I n  Fig. 8 are presented  the  distribution  curves  of pc and p t ,  
according t o  the  hours of l o c a l  and universal  time, obtained from the  
material of preliminary  data  reported by  Committee 10  of the  Interna-  
t ional   Associat ion of  Geomagnetism and  Aeronomy. A comparison of t h e  

S(pc) of three  eastern  s ta t ions  (Mombet~u"43~55'  N, 144 12 '  E, Kanoya- 
0 

31'25' N, 130'53 ' E, and I rkutsk)   ind ica tes   tha t   the   curves  of S(pc) 
for   un iversa l  and f o r   l o c a l  time are almost  indistinguishable from one 
another. From t h e   t a b l e s  of the  average  diurnal   dis t r ibut ion of PC 
for   the   year ,  we f i n d ' t h e   l a r g e s t  number of appearances  of PC is 
observed i n  Mmbetsu from 2300 t o  0200 hours, i n  Kanoya from  2200 t o  
0300 hours and i n   I r k u t s k  from  0100 t o  0400 hours, universal time. 

Considering the hor izonta l   charac te r  of t h e  m a x i m u m  of S(pc) 
and the  l imited  nature  of t he  material used (on l y  f o r  1958), it is  



Fig. 8. Diurnal  Distribution of PC and p t  a t  var ious  s ta t ions.  
1-Mombetsu; 2-Kanoya; 3-Irkutsk (Bayanday) ; 4-Hartland; 5-Budkov; 
6-valencia. 
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apparently  impossible t o  conclude  from t h e   d a t a   t h a t   t h e  m a x i m u m  of 
S(pc) i s  observed  according t o   l o c a l  time and not at t h e  same time 
a t  all th ree   s t a t ions .  I n  a d d i t i o n   t o   t h i s ,  comparison  of t h e  PC i n  
Irkutkk and Aleksandrovsk-na-Sakhaline(according t o  simultaneously 
regis tered  data   over  a period of 4 months) showed a synchronous  change 
of the  regime  of  continuous  pulsations a t  these  points .  

Comparison of the  S(pc) of  one of the  western  s ta t ions 

(Budkov-49 04 '  N, lbOO1' E, Hartland-51° N, 04 29' W, and 
0 0 

Valencia-51 56' N, 10 1 5 '  W) a l so   ind ica tes  a somewhat d i f f e ren t  
character of the  curves of  S(pc)  plotted  according t o   u n i v e r s a l  and 
l o c a l  time, and does  not  solve  the  problem as t o  whether  the  diurnal 
curves of ~ ( p c )  proceed  according t o   l o c a l  o r  universal  time. 

0 0 

However, the  simultaneous  examination  of  the  data  of all six 
s ta t ions   l eaves  no  doubt t h a t  a s ingle   S(pc)   for  all s i x   s t a t i o n s  can 
be  obtained  only  according t o   t h e   l o c a l  time. 

Upon examining the   d i s t r ibu t ion  o f  PC according t o  hours o f  
the   universal  time, it can  be  seen  that   the moments of t he  minimum 
of  S(pc). o f  s t a t ions  of the   eas te rn   g roup   d i f fe r  l i t t l e  from the  moments 
of the  m a x i m a  of s t a t ions  of the western  group.  Therefore it may be 
assumed tha t   the   S(pc)  of two s t a t ions   d i f f e r ing  by 180 degrees   in  
longitude m u s t  occur on counterphase. Thus it i s  possible t o  say  (con- 
s ider ing   the  above-mentioned paral le l ism between  S(pc) and the   d iurna l  
changes of the   in tens i ty  of  PC)  t h a t  at any  given moment the  most 
intensive pc are observable on the  day side  while  the  weakest PC are 
observable on the   n igh t   s ide .  

On the  days of intensive development of continuous  pulsations, 
PC can  be  observed  simultaneously  over  the  entire  earth  since,  as 
was stated above, the  durat ion of the  dis turbance  interval  of PC is i n  
a d i r ec t  dependence t o   t h e i r   i n t e n s i t y .  

The curves  of  S(pt) of the  eastern  group of s t a t ions  are 
s u f f i c i e n t l y   r e l i a b l e .   I n  view of the  l imited  nature  of the   da ta  from 
the  western  group o f  s t a t ions ,   S (p t )  was presented  only  for one s t a t i o n  
(Budkov). The curves of the eastern s t a t i o n s   d i f f e r  l i t t l e  from one 
another;   the moments of t he  extremes at  Mombetsu and Kanoya coincide. 
Common t o  all the   ea s t e rn   s t a t ions  is the  coincidence  of  the time of 
t he  m a x i m u m  of S(pt)   wi th   the  t ime of t he  minimum of S(pc), i . e . ,  
these  curves are i n  counterphase. 

Thus t h e  development  of  short-period  pulsations of the PC 
class  proceeds  according t o   l o c a l  time. The greatest development of PC 



42 

on t h e  day s i d e  and weakness (sometimes complete  absence) on t h e  
n ight   s ide  of t h e   e a r t h  i s  c h a r a c t e r i s t i c  of t he   p l ane t&y   d i s t r i -  
but ion of PC. For pulsat ions of the  pt   c lass ,   conversely,  maximum 
development  and greatest frequency of appearance on the   n ight   s ide  
of t h e   e a r t h  are cha rac t e r i s t i c .  
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V. RAPID GE0EI;ECTRICAL AND GEOMAGNETIC VARIATIONS 

(According to  Observations  in Ashkhabad) 

by V.' G. Dubrovskiy 

AM) THEIR REGULARITlES 

Regular i t ies  of the   exc i ta t ion  of rap id   geoe lec t r ica l  and geomag- 
ne t ic   var ia t ions  were studied  by us on the   bas i s  of recordings of ea r th  
currents  from  January 1956 through December 19%, and on the   bas i s  of 
-magnetograms from  April  through December 1958. These recordings were 
obtained a t   t h e  Geophysical  Station of t h e   I n s t i t u t e  of Physics and Geo- 
physics of the Academy of Sciences Turkmen SSR (21  kilometers  west of 
Ashkhabad). The geomagentic  coordinates of the  s ta t ion  are   as   fol lows:  

The ear th-current   instal la t ion  has  two receiving  pairs  of e lec-  
trodes  with a base  distance of 0.37  kilometers  oriented  in  north-south 
and east-west  directions,  and connected  with  the  registering  apparatus 
by  underground l ines . .  The recording i s  ca r r i ed   ou t   a t  a rotation  speed 
of 90 mm/hour (the  division  values were of the  order: NS 0.4-0.6 mv/ 
mm-la; EN 0.8-1.3 mv/mm-h and 30 =/minute)  (Ref. 1). 

Recordicg a t   t h e   s p e e d  of 30 mm/minute  was done with  the  a id  of 
capacitive  coupling of the   e lec t rodes   (80pf)  and  galvanometers  with  a 
period of proper  pulsations of 0.73 seconds  and  a  constant  with  respect 
to   cur ren t  of 10-9 amp/mm.m.  The grea tes t   sens i t iv i ty   here   ( the   d iv is -  
ion  value of the two components i s  0.05 mv/mm.lun) occurs a t  a period of 
2  seconds. 

Regis t ra t ion of the geomagnetic var ia t ions  was done a t  a ro t a t ion  
speed of 90 mm/hour with  the  a id  of a  magnetograph with a r ap id   r eg i s t e r  
which  had  been  modernized  by us. Recording i s  car r ied  on continuously 
f o r  12 hours  on  light-sensitive  tape  measuring 30.150 cm, without any 
l a t e r a l   s h i f t  of t he   r eg i s t e r  drum, as i s  the  case  with  the Lakur r eg i s -  
t e r  . This was achieved by a fourfold  decrease  (from 360 t o  90 m/hour)  
of t h e   l i n e  as r o t a t i o n   r a t e  of the main drum, and the  use of an auxi l -  
iary  receiving drum on which the   l igh t -sens i t ive   t ape  i s  wound. 

The division  values  and  the dynamic parameters of the  variometers 
a re   p resented   in   the   t ab le .  

Components Attenuation, D Period T, sec 
H 0.9-1.1 

o .05 3.7 D 0.9-1.1 
0.1 6.8 

z 0.9-1.1 0.6-0.7 2.0 
TABU 
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The c l a s s i f i c a t i o n  of short-period  variations  adopted at the 
conference of Cornittee No. 10 on Rapid  Vasiations of the  Geomagnetic 
F ie ld  and Earth  Currents,  held i n  Copenhagen (9-11 A p r i l  1937), was 
made the   bas i s  of the method for process,ing  the  observation  results.  

O f  the   var ious forms of rap id  geomagnetic  and geoelectr ical   var-  

(1) short-period  pulsations  with a continuous (PC) and  a  non- 
ia t ions ,   the  following were  examined by us: 

continuous  (pt)  regime,  which i n   t u r n  were divided  according  to  the 
character of the   pu lsa t ions   in to   regular   (pc  , p t  ) and i r regular  

R R  

(2) short-period  pulsations of the  beat  type  (pp)--pearls;  
(3) sudden  comencements of magnetic  and g e o e l e c t r i c d   d i s -  

(4) bay-shaped  geoelectrical and  geomagnetic  disturbances (b) .  
turbances  (ssc) ; 

Invest igated  in   course of the  analysis  were the  diurnal  and sea- 
sona l   regular i t ies  ( i n  the  presence of suff ic ient   observat ion  mater ia l )  ,, 
the   dis t r ibut ion  according  to   per iods,   the   exis tence of accompanying 
phenomena, and connection  with  other  geophysicalphenomena,, , in  pa r t i cu -  
lax with  the  level  of geomagnetic a c t i v i t y  and  polar  aurorae. 

Earth Currents  Magnetic  Field 
1956 1957 1958 f356 - f958. LP.m WMI 

Yo 

60 

40 
p i  

0 

f2 

PCR 

4 

0 

LMT, h r  
Figure 1. Diurnal   dis t r ibut ion of the   p robabi l i ty  of 
appearance  (along  the  vertical  axis,  per  cent) of con- 
tinuous SPP of the   ear th   cur ren ts  and the geomagnetic 
f i e l d .  
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Short-Period  Pulsations of the  pci  and pcR Types 

The d iu rna l   d i s t r ibu t ion  of t he   p robab i l i t y  of appearance of 
short-period  pulsations of ear th   cur ren ts  and  of t he  geomagnetic f i e l d  
of the  pci  and pcR types   a re   p resented   in   F igure  1. From the  graphs it 

can be seen   t ha t   t he   d iu rna l   r egu la r i t i e s   p lo t t ed   s epa ra t e ly   fo r  1956, 
1957, and 1958 es sen t i a l ly   r epea t  one another. The growth  of the  maxima 
of the  short-per iod  pulsat ions of ear th   cur ren ts   in   the   t rans i t ion   f rom 
1956 t o  1958 can  apparently  be  explained  by  the  increase of so l a r   ac t iv -  
i ty   during  these  years .  The g rea t e s t   p robab i l i t y   fo r  the appearance of 
pci comes during  the  daylight  hours  with a maximum (55 p e r   c e n t )   a t   t h e  

l o c a l  midday (0800  hours GMT) and the  minimum ( 4  per   cent)  a t  midnight 
( 2000 hours GMT) . 

The d iu rna l   va r i a t ion  of regular ly   shaped  pulsat ions  of . the pc R 
type  has  the same character .  The d i s t r ibu t ion  of the  same types of 
pulsat ion of t he  geomagnetic f i e l d  i s  absolutely  analogous  to  the  diur- 
n a l   v a r i a t i o n  of the   geoe lec t r ica l   pu lsa t ions .  

The dependence of the   p robabi l i ty  of appearance  of the   shor t -  
per iod  pulsat ions of ear th   cur ren ts  on season i s  shown in   F igu re  2. 
From the  graphs it can  be  seen, i n   t h e  f i rs t  p l ace ,   t ha t   t he   qua l i t a t ive  
character of the  diurnal   course of pci  and pcR pulsations  does  not  vary 

w i t h  respect  t o  the  season of the  year ,  and second, t h a t   t h e  maximum 
value of the   p robabi l i ty  of e x c i t a t i o n   i n  summer i s  approximately 1.5- 
2.0 t imes  greater   than  in   winter .  

In   order   to   determine  the  possibi l i ty  of a dependence of t h e   f r e -  
quency of appearance of continuous  pulsations of t h e  pc  and pc types 

on the  degree of disturbance of t he  geomagnetic f i e l d ,  we examined the  
d iu rna l   d i s t r ibu t ion  of t h e   p r o b a b i l i t y  of the i r   exc i ta t ion   (F igure  2) 
f o r  two degrees of geomagnetic a c t i v i t y .  From the  graph it can be  seen 
t h a t   t h e  maximum probability;  the  appeazance of pc  pulsat ions on magnet- 
ical ly   dis turbed  days is  10 per  cent  higher  than on quiet  days.  But a l -  
though it i s  d i f f i cu l t   t o   d i s t i ngu i sh   sho r t -pe r iod   pu l sa t ions   aga ins t  a 
background of strongly  disturbed  recording, it may be expected  that   the  
probabi l i ty  of t h e i r   e x c i t a t i o n  i s  grea te r .  

i R 

Let us examine the freqtlency  spectrum of t h e   d i s t r i b u t i o n  of 
short-per iod’pulsat ions . In   the  graph  presented in Figure 3, f ive-  
second in t e rva l s  ~f the   pulsat ion  per iods are p l o t t e d  on the   absc issa ,  
and the   p robab i l i t y  of appearance of the pulsa t ions   in   each   in te rva l ,  
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Nr )c Winter  Equinox Summer 
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Magnetic F ie ld  
Q.uiet Disturbed 

I 

Figure 2. Dependence of the   p robabi l i ty  of appearance of continuous 
SPP of ear th   cur ren ts  on the season. 

A. 

Figure 3. Probabi l i ty  of appearance of pc  and p t  of various  periods. 
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in   per   cent ,  i s  p lo t t ed  on the  ordinate axis. The greatest   probabi l i ty  
of the   exc i ta t ion  of short-period  pulsations of the pci type  occurs a t  

x)-25 second in t e rva l ,  and t h a t  of the pcR type  pulsat ions  a t  15-20 

seconds. 

Short-Period  Pulsations of t h e   p t  m e  

The r egu la r i t i e s  of the   d iurna l   d i s t r ibu t ion  of short-period  pul- 
sations  with  non-continuous  regimes of the pt type  are  presented  in 

Figure 4. Yearly  (a) and seasonal (b) re la t ionships  
of the   d iurna l   d i s t r ibu t ion  of p u l s a t i o n   t r a i n s   p t .  

Figure 4. From the  graph it can  be  seen that   pulsat ions of th i s   k ind  
are   exci ted  pr incipal ly   in   the  night   hours ,   wi th  a maximum (18 per  cent) 
a t   l o c a l  midnight (2000 hours GMT). Their   diurnal   var ia t ions  plot ted 
separately for 1956, 1957, and 1958 are  similar t o  one another, and the 
probabi l i ty  of t he i r   exc i t a t ions  i s  highest of a l l  i n  1958 j u s t   a s  it is 
for pulsations of the  pci  and  pcR types. The seasonal dependence of the  
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appearance of p u l s a t i o n   t r a i n s   p t  i s  a l so  similar t o   t h a t  of pulsat ions 
of the  continuous  type:  the  probabili ty of t h e i r   e x c i t a t i o n  i s  highest  
i n  summer and lowest in   win ter .  

With  an increase   in   the  level of geomagnetic a c t i v i t y ,  the prob- 
a b i l i t y  of p t   e x c i t a t i o n  i s  p r a c t i c a l l y  unchanged (Figure 4). The most 
character is t ic   per iod of p t  i s  55-60 seconds  (Figure 3). 

Thus, i n   gene ra l   t he   r e su l t s   ob ta ined   by  us agree well with  the 
known data; neve r the l e s s   ce r t a in   pecu l i a r i t i e s  may be  noted. I n   p a r t i c -  
u l a r ,   t he  maximum probabi l i ty  of the   exc i ta t ion  of pc  and p t  occurs a t  
l o c a l  midday and local   midnight   respect ively;   th is  can indicate   exci ta-  
t i o n s  of the  short-per iod  pulsat ions  according  to   local   t ime.   Further-  
more, the   p robabi l i ty  of the  appearance  both of continuous  pulsations 
and pu l sa t ion   t r a ins  i s  g r e a t e s t   i n  the summer time and lowest i n   t h e  
winter,  

Rapid Variations of the Types pp, b and ssc 

Among the  other  types of rapid var ia t ions  of the   ear th ' s   e lec-  
tromagnetic f i e ld ,  a t ten t ion  must be p a i d   t o  the uniquely  consti tuted 
short-period  pulsations of the  "beat"  type,  designated  by  pp  and  char- 
acterized  by a small period (1-3 seconds)  and a regular  sinusoidal shape, 
tlpearlsll . 

From July  1957 through March 1959, pp-type  pulsations were reg is -  
t e r e d  66 times i n   A s m a b a d ,  60 of them being  observed  during geomagnet- 
i c  and geoelec t r ica l   s torms .   This   l a t te r   fac t   ind ica tes   tha t   these   pu l -  
sat ions are a constituent  element of the complex micro-structure of the 
disturbances of the  ear th-current   fseld.  Below i s  presented  the dis-  
t r i b u t i o n  of the number  of cases of t h e   r e g i s t r a t i o n  of  pp i n   r e l a t i o n  
to   the  pulsat ion  per iod.  We see t h a t  most  of the  pulsations  emauntered 
have a period of from 1 t o  2 seconds. 

Period, 
see-onds 0.5-1.0 1.1-1.5 1.6-2.0 2.1-2.5 2.6-3.0 3.1-3.5 3'.0-4.0  4-4.5 
No. of 
Cases 7 14 25 4 0 1 1 0 

The d iurna l   d i s t r ibu t ion  of pulsat ing of the  ' 'beatt1  type, (pp) 
presented  in  Figure 5 ( l e f t   g r a p h ) ,  i s  characterized  by  the  largest  
frequency of. t h e i r  appearance  during  the  night hours with  the maximum 
occurring  around  midnightin  local  time. The right-hand  portion of Fig-  
ure 5 shows the   diurnal   d5str ibut ion of  bay-shaped  disturbances ( b )  of 
t h e   g e o e l e c t r i c a l   f i e l d   f o r   t h e  same period of observation. 

The s i m i l a r i t y   i n   t h e   r e g u l a r i t i e s  of the   d iurna l   d i s t r ibu t ion  of 
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bay-shaped  disturbances  and  short-period  pulsations of the  "beat"  type 
compels  us t o  suppose  a  connection  between them. However, d i r e c t  com- 
parison of these  types of rap id   var ia t ion   ind ica tes   tha t   ou t  of 42 bay- 
shaped  disturbances  only 3 were  accompanied  by pulsating-type  pulsations. 
A t  the same time, i n  27 cases  train-type  pulsations were  observed. 
Thus it i s  apparent  that  bay-shaped  disturbances of the   geoe lec t r ica l  
field  are  not  connected  with  pp-type  pulsations  but  are  correlated  with 
t ra in- type  pulsat ions.  

PP 

Figure 5. Diurnal   dis t r ibut ion of "beat"-type  pulsations 
(pp) and bays (b)  for Ju ly  1957-December 19%. 

The amplitudes of SPP of the   pu lsa t ing   type   reg is te red   in  Ashkha- 
bad  normally  have  values of 0.3-0.6 mv/h. However i n  a number of cases , 
for example on 4, 13 , 29 September 1957, 11 February, 6 June  and 4 Sep- 
tember 1958, the  "beat"-type  pulsations  had  amplitudes  exceeding 1-5 
m/b .  I n  each  case  the  pulsations were  observed  against a  background 
of large geomagnetic  and geoelectrical   disturbances,  which as a ru l e  had 
sudden commencements. Intensive  "beat"-type  pulsations--gigantic  pulses 
--in Ashkhabad coincided  in  time  with  instrumentally  recorded  polar 
aurorae . 

From July  1957 through March 1959, 77 cases of rap id   var ia t ions  
of the  ssc and sscE -I;ypes were r eg i s t e red   i n  Ashkhabad. As a ru l e ,  
these  variations  are  observable  simultaneously  in  the  recordings of 
ear th   currents  and t'ne geomagnetic f i e l d ,   i n   t h e  predominm-t number  of 
cases  the symbols for t he   va r i a t ions   i n   t he  magnetograms being as f o l -  
lows: H+, D , 2 for ssc and H , D 2 for ssc++.  Both i n   t h i s   c a s e  

and in   the  case of bay-shaped  disturbances,  the  earth-current  vector i s  

r a t h e r   s t r i c t l y   p o l a r i z e d   i n  a NS d i rec t ion ,   a t  an  angle of 12.5  to   the 

- - -t ++, - 

0 



Ew direction.  Varia%ions of the  suddenly commencing type  are  character-  
i s t i c a l l y  accompanied  by short-period  earth-current  pulsations.  Among 
77 cases of rap id   var ia t ions  of t he   s sc   t ype   r eg i s t e red   i n  Ashkhabad, 
accompanying pulsat ions  with a predominant  period of from 6 to 15 sec 
in   the   record ing  of ear th   cur ren ts  were  noted  in 59 of the   cases .  The 
d i s t r ibu t ion  of t he  accompanying pulsations  by  periods i s  presented be- 
low. 

Period,  secQnds 0-5 6-10 11-13 16-20 21-23 26-30 31-33 
Number of cases 2 22 29 9 2 1 1 

The duration of the  accompanying pulsat ions was most f requent ly  
2-5 minutes. 

1. Barsukov, 0. M. and  Troitskaya, V. A., Sovetsk iye   s tan ts i i  
zemykh  tokov  (Soviet Earth Current  Stations),   Publishing House 
of t he  Academy of Sciences USSR - IGY Series ,  1959. 



VI. CONTINUOUS PULSATIONS AND TRA7N-TYPE PULSATIONS 
I N  THE ARCTIC AND THE ANTARCTIC 

by V. A. Troitskaya 

Prior   to   the  beginning of the IGY, observations of short-period 
pulsat ions (SPP) w i t h  periods of 10-100 seconds  were  being  carried  out 
predominantly i n   t h e  middle  and low l a t i t udes .  "he c l a s s i f i ca t ion  of 
these  pulsations  into  continuous  ones (PC) and p u l s a t i o n   t r a i n s   ( p t ) ,  
introduced  by Committee Number 10 of the  International  Association on 
Geomagnetism and Aeronomy (IAGA) , was worked out   chief ly  on the   bas i s  of 
data  obtained  at   the  middle-lati tude  stations.   Therefore one of the 
f i r s t  problems in   the  s tudy of recordings of ear th   cur ren ts   in   the   po lar  
regions was t o   a s c e r t a i n   t h e   s u i t a b i l i t y  of the  adopted  c lass i f icat ion 
for   pulsat ions  observable   in   the  polar   regions.  

It was also of g rea t   i n t e re s t   t o   a sce r t a in   t he   pecu l i a r i t i e s  of 
the  occurrence,  in  the  polar  regions, of SPP typ ica l   fo r   t he  middle l a t -  
i tudes,  and a l so   t o   i so l a t e   ca ses  of the  simultaneous  origin of SPP i n  
the  Arctic and  Antarctic  and t o   e s t a b l i s h   t h e   r e g u l a r i t i e s  of t h e i r  ex- 
c i t a t ion .  To develop  a  theory  for  pt  and  pc it was necessary  to   ascer-  
t a i n   t h e   p e c u l i a r i t i e s  of their   generat ion  in   the  southern and northern 
polar   regions,   to   determine  their   spectral   d is t r ibut ion,   the   pecul iar i -  
t i e s  of their   d iurnal   course under  conditions of polar  night and polar 
day,  and the  seasonal  course. 

The resul ts   obtained up to  the  present  permit  the  following  pre- 
liminary  conclusions  to  be made. 

1. Continuous regular   pulsat ions (PC) w i t h  periods of 13-40 se-  
conds a re   charac te r i s t ic   for   the   po lar   reg ions   as   wel l   as   for   the  mid- 
d l e   l a t i t udes  . 

2. Pulsa t ion   t ra ins  which  have  such a charac te r i s t ic   form  in   the  
middle la t i tudes,   in   the  polar   regions  during  the  years  of maximum solar  
ac t iv i ty   e i the r   cons t i t u t e  one of the  elements of the  polar  disturbance 
or are  manifested  as a feeble   individual   dis turbance.   In   both  cases  
they  are  devoid of the   charac te r i s t ic  shape of the  middle-latitude 
t r a i n s .  

3. Class i f ica t ion  of the  continuous  pulsations  in  the  polar  re- 
gions  lacks  breadth. A t  the  present  t ime, it would  be  expedient t o  ex- 
amine three  types  of 'cont inuous  pulsat ion  for   the  polar   regions:  

a)  Short-period  pulsations with periods of 3-13 seconds  (sip-- 
short-per iod  i r regular   pulsat ions) .  In  dis t inct ion  f rom  regular  pc with 
periods of 13-45 seconds,  these  pulsations  rapidly  attenuate  with 



la t i tude.   Their   d iurnal   and  seasonal   var ia t ion i s  sharply  dist in@shed 
from the   d iurna l   var ia t ion  of regular  PC.  For s i p  a high  degree of cor- 
relatior!  with  the  polar  aurorae was traced; 

b)   I r regular  pc  with  periods of 39-90 seconds (PC ) . These 
0 

pulsa t ions   a re   wel l   t raceable   in   the   middle   l a t i tudes ,   bu t   a re   espec ia l -  
l y   t y p i c a l  and in tens ive   in   the   po lar   reg ions .   Thei r   d iurna l   d i s t r ibu-  
t i o n  i s  analogous t o  the   d iurna l   d i s t r ibu t ion  of regular  pc,   but some- 
what more diffused.  One can  suppose t!iat they  form,  as it were , the  
basic  background in   the   po lar   reg ion   aga ins t  which the other   pulsat ions 
develop. The seasonal   var ia t ion of these pirlsations i s  sharp ly   d i s t ing-  
uished  from  the  seasonal  variation of regJ la r  PC; 

c)  Regular  pc  with  periods  of 14-40  seconds  are  typical  for 
t h e  middle l a t i t u d e s  , the  Arctic , and  the  Antarctic. The diurnal  -varia- 
t i o n  of PC in   the   po lar   reg ions  i s  similar to t h e i r   d i u r n a l   v a r i a t i o n  i n  
the  middle  lat i tudes.  

4. One of the  most i n t e r e s t i n g   r e s u l t s  of the  invest igat ion was 
i so l a t ion  of the  polar-night   effect   for   regular   cont inuous  pulsat ions  in  
t h e   h - t a r c t i c  and Arctic.  This was manifested with part icular   sharpness  
in   the  Arl tarct ic :   in   the  middle  of the  polar  winter  the number of hours 
with  regular PC falls  abruptly.  

5 .  The dependence of the  geographical   d is t r ibut ion of regular  
continuous  pulsations on season i s  a conseqaence of the  polar-night  
effect.  Apparently  the  periods of the  equinox  should  be  the most favor-  
able  f o r  the  universal   world  distribu.t ion of x)c. 

6. During the  study of the  geographical   d is t r ibut ion  both of pc 
and p t ,  a la rge  number of cases were i so l a t ed  of the  simiiltaneous  dis- 
turbance of both  types  of   pulsat ions  in   the  northern aRd southern hemi- 
spheres. Here the  pulsat ions were frequelltly  observed  over  an enormous 
interval   not   only of l a t i t ude   bu t   a l so  of longitude (more than one t h i r d  
of t he   ea r th ' s   pe r ime te r ) .  The term  "clear  days" w a s  introduced t o  de- 
note  such  days. 

7. It has  not   as   yet   been  possible   to   es tabl ish ar,y well-defined 
regularit ies  with  respect  to  the  interdependence of the   p t   regular ly   ob-  
served i n  the  middle   la t i tudes and tTypical >alar disturbances.  

Middle- la t i tude  t ra ins  sometimes coincide  with  polar  disturbances 
o r  everyghere  take  place as trains  (being  sometines  expressed  with  the 
l e a s t   c l a r i t y  of a l l   p rec i se ly   i n   t he   Fo la r   r eg ions ) ,  and i n  some cases 
they are observed  only  in  the  middle  lat i tudes  with  comparatively calm 
or  atxypical  recording in   the   po lar   reg ions .  

8. The d iurna l   var ia t ion  of pu l sa t ion   t r a ins  i n  the  Arctic and 
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h l t a ' c t i c   r e g i o n s  i s  similar t o ,  and   shares   charac te r i s t ics   wi th   tha t  
obtained  for   the  middle   la t i tudes.  

9. The amplitddes of t r a i n s  and cont inuous  pulsat ions  in   the 
Arctic and Antzrctic  are  very  iarge  and amount t o   t e n s  and  hundreds of 
r,~illi-~-olts per  kilometer. 

10. A general   analysis  01 the recording of p t  and  pc i n   t h e  Arc- 
t i c  and Antarctic  regions  leads t o  the  preliminary  conclusion  that   pul-  
s a t i o n   t r a i n s  and the  colar  disturbances  corresponding t o  them a r e  more 
t-y-pical of k c t i c  regions  than  they are of Antarctic  regions .1 

I n i t i a l   M a t e r i a l s  

Observations of tize ear th   currents   in   the  Arct ic   during  the I G Y  
were organized a t  f i v e   s t a t i o n s :  Hayes Island,  Piramida, Cape Chelyus- 
kin,  Tiksi  z ~ d  Lovozero. The most  complete s e r i e s  oI" observations dur- 
ing the  f i rs t  year of the I G Y  were obtained a t  the Lovozero  and  Chely- 

u s k i n  stations. '   Therefore t'ne r e s u l t s   s e t   f o r t h  below are based  mainly 
on the data of these two stations.   In  the  general   conclusions,   account 
i s  taken of the  processing of the  recordingsof a l l  s t a t i o n s .  

Durifig the iGY,  observations of t he   ea r th   cu r ren t s   i n  Yne Artarc- 
t i c  were  conducted a t  two s ta t ions :  Mirnyy  and  Oazis . The recordings 
were processed  for   both  s ta t ions f o r  July-Septernber 1957, and f o r  Oazis  
for Janumry-July 1958. The material from t h e  Mirnyjr s t a t i o n  Tor 1958 
vas  analyzed in p a r t .   I n   s t u d y i n g   t h e   r e g u l a r i t i e s   i n   t h e   e x c i t a t i o n  or' 
SPP in   t he   po la r  and  middle l a t i t u d e s ,  x e  %-as made of recordings  from 
the  middle  latitude  stations,  chiefly  Alushta  and  Petropavlovsk-Kamchat- 
sk iy  . 

The resu l t s   p resented  below  were obtained  mainly  from  the  proces- 
sing of earth-current  recordings  with a r o t a t i o n  of 90 m / h o u r ;   p a r t i a l  
use w a s  made of  recordings  with a more r ap id   ro t a t ion  (30 m/minute). 

The descr ipt ion and t ec lmica l   cha rac t e r i s t i c s  01 -these i n s t a l l a -  
t ions   a re   p resented   in   the  works ( R e f .  1) and  (Ref. 2 ) .  

I n  mind are   the  Mirnyy and  Oazis  Stations,   located  within  the zone of 
the  polar  aurorae. 

t i o m .  
* The remaining three s t a t i o n s  were l a t e   i n   s t a r t i n g   r e g u l a r   o p e r a -  
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Basic  Results 

1. Continuous  Pulsations (PC) 

The Characterist ic  Morphological  Peculiari t ies of  Continuous 
Pulsat ions  in   the  Polar   Regions.   Pulsat ions  in   the  polar   regions  can  be 
d iv ided   in to   th ree   charac te r i s t ic   c lasses .  

1. Irregular   pulsat ions  with  per iods of less than 15 seconds 

(usual ly  5-15 seconds),  designated  by  the  sip  index: Av , Bv, Cv. These 
pulsat ions are expressed best of all at  the  Lovozero s t a t ion .  They 
at tenuate   rapidly w i t h  l a t i t u d e .  

2. Regular  continuous  pulsations  with  periods of 15-40 seconds, 
typ ica l   a l so   for   the   middle   l a t i tudes .  

3. Irregular  continuous  pulsations  with  periods  of 50-90 seconds, 
espec ia l ly   in tens ive   in   the   po lar   reg ions   bu t   a l so   typ ica l  of t he  middle 

l a t i t u d e s .  They are designated  by the index o : A" , Bo , Co. It i s  in -  
t e r e s t ing   t o   no te   t ha t   f r equen t ly   t he   exc i t a t ion  of s i p  and 

pc  occurs  simultaneously:  sip  turn  out  to  be superimposed  on PC'. 
Comparing the  recordings of the  middle-lati tude and po la r   s t a t ions   i n  
such  cases, one may become convinced that usua l ly   the   i r regular   pu lsa-  

t i ons  pco penetrzte   into  the  middle   la t i tudes and tha t   t he   sho r t e r  per- 
iod   s ip   pu lsa t ions   a t tenuate   rap id ly ,   no t  as a rule  being  propagated in 

the   middle   la t i tudes  (with  cer ta in   except ions) .  I n  Figures 1 and 9, 
a ,  b, examples are p resen ted   i l l u s t r a t ing   t he   cha rac t e r i s t i c  t ra i ts  of 
these  three  types of continuous  pulsation. 

0 

1 

Distr ibut ion of Continuous  Pulsations  According to   Per iod  and 
Amplitude. I n  accordance  with  the  indicated  supplementary  classifica- 
t i o n  of continuous  pulsations,  Figure 2 presents  the d i s t r ibu t ion  of 
pulsat ions  according  to   per iod  for  two Arctic and one Antarctic sta- 
t ions .  The d i s t r ibu t ion  shows a c l ea r   spec t r a l   d i s t i nc t ion  among t he  

sip, pco,  and  pc  pulsations. For regular   pc,   jus t   as   in   the  middle  la t -  

i tudes,   per iods of 13-40 seconds are charac te r i s t ic ;  for i r r egu la r  pc , 
periods of w-90 seconds  and fo r   s ip ,   pe r iods  of less   than  15 seconds 
a re   typ ica l .  

0 

According t o   d a t a  of recordings w i t h  a 90 mn/hour ro t a t ion  and  with 
corresponding  sensit ivity.  
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Examination o f  the regularities of  changes  of regular PC periods 
from month t o  month in   the   Antarc t ic   d i sc losed  a tendency  toward a de- 

. crease  in   the  per iod of PC i n  t h e   t r a n s i t i o n  f rom polar   night   to   polar  
day. The amplitude of a l l  types of continuous  pulsation  in  both  polar 
regions i s  in   t he   o rde r  of t ens  of hundreds of mill ivolts  per  kilometer.  
In   Figure 3 are presented, as an  example, the   d i s t r ibu t ions  by amplitude 
f o r  continuous  pulsations  of  various types a t  t he  Lovozero and Oazis 
stations.   For  the  Antarctic a tendency was noted  for an increase   in   the  
a m p l i t d e o f  pulsat ions  during  the  t ransi t ion from polar  night t o  polar 
day. 

Diurnal  Variation of Continuous  Pulsations. The diurnal   var ia-  
t i ons  of regular and irregular  continuous  pulsations at all the  polar  
s ta t ions   d i sp lay  analogo71s traits  and a t t e s t  t o   t h e   f a c t   t h a t  pc and pco 
are exc i t ed   p r inc ipa l ly   i n   t he   i n t e rva l  of 0600-1700 hours l o c a l  time 
with  the m a x i m u m  around l o c a l  midday. It should  be  noted  that  the d i s -  
t r i bu t ion  o f  irregular  continuous  pulsations pco i s  more diffused  than 
i s  the   d i s t r ibu t ion  of regular PC (Figure 4, a and b ) .  As far as the  
d i s t r ibu t ion  of short-per iodical ly   cont inuous  pulsat ions  s ip  i s  concern- 
ed it differs   sharply  (Figure 4, c ) .  

h 1 1.15 mv/lun 

a 

b 

Figure .1. Examples of -::Tee types of conkiinuous pulsa- 
t i on ,  PC. 

a - regular pc (Alushta , 2 October 1957) ; b - i r regular  PC 
(Alma-Ata, 16 April  1955); c - polar  short-period sip (Lovo- 
zero, 4-5 October 1957). 

0 



The d iu rna l   va r i a t ion  of these  pulsat ions was studied  chief ly  on 
the   Sas is  of the  recordings of t he  Lovozero s t a t ion ,  where they   a re   bes t  
expressed. These pulsations  originate  mainly a t  the   l oca l  midrlight. A 
l a rge   pa r t  of the   pu lsa t ions   for   the   inves t iga ted   per iod  was reg is te red  
during  the  interval  of l9OO-O8OO hours ,   local  time, with a maxinun a t  
2200 -0 400 hours. 

The d i s t r ibu t ions  of the f i rs t  two types  of  pc in   t he   po la r   r e -  
gions  coincide  in   their   character  with analogous  dis t r ibut ions  in   the 
middle la t i tudes.   For   “polar“   s ip ,  a sharp ly   d i f fe r ing   d iurna l   var ia -  
t i o n  i s  observed.   Interest ingly,   th is   diurnal   var ia t ion  coincides   in  
i t s  configurations  with  the  diurnal  variation of polar  aurorae  (Figure 

Comparison or‘ individual  cases of v i sua l  and photometric  observa- 
t i ons  of polar  aurorae  with  the  periods of s ip   exc i ta t ions   l ikewise  con- 

firms the   cor re la t ion  between sip and polar  aurorae. 2 

Very in t e re s t ing   p rope r t i e s  of regular  continuous  pulsations  are 
manifested when the i r   d iu rna l   va r i a t ion  i s  examined month a f t e r  month 
from  polar  night  to  polar  day. These propert ies  have so far  been  best 
invest igated  for   the  Antarct ic .  

Thus, f o r  example, if  one takes  as 100 per   cen t   tke   to ta l  number 
of hours  with  regular  continuous  pulsations  observed  for  July-September 
1957 in   t he   An ta rc t i c ,  3 per  cent of t he  number of hours  with  pulsations 
occur   in   Ju ly   ( the   Actarc t ic   win ter )  , 12.2 per   cent   in   &gust ,  14.7 per  
cen t   i n  September, 11.5 per  cent  in  October,  29.3 per   cen t   in  Rovember, 
and 29.3 per   cen t   in  Decenber. If only  the  hours with intensive  cont in-  
uous pulsat ions  are   considered,   then  in   July  only 0 .9  per  cent  occurs, 
and i n  November - 25.7 per  cent of t h e   t o t a l  number of cases   ( the data 
are   p resented   for  Mirnyy) . 

The e f f e c t  of the  polar   night  on regular  continuous  pulsations  in 
the  Antarct ic   for  1957 and 1958 i s  shown in   F igure  6. 

The cu.rve of the   d iurna l   var ia t ion  of polar  aurorae a t  the  Lovozero 
s t a t i o n  was constructed  according  to   the  resul ts  of visual  observa- 
t i ons  of polar  aurorae  by V. Kononkov. 

Reports  have  recently  appeared  in  the  press on research  concerning 
pulsations  with  periods  approximating  sip.  It i s  reported  that   pre-  
c i se ly   for   these   pu lsa t ions  i s  the  best correlation  found  with mag- 
n e t i c   a c t i v i t y  (Kp) and  with  polar  aurorae  in  the USA aEd Canada 
(Refs . 3 and 4) . 

2 
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Figure 2. Dis t r ibu t ion  of pc  by  periods  (August 1957- 
June 1958). 

a - Lovozero; 1 - A  + B + C; 2-A + Bo + Co; 3-Av + Bv + Cv; 

b - Chelyuskin; 1-Ao + Bo; 2-A + B; 3-Av + Bv; 

c - Oazis; 1-A + B + C; 2-Ao + Bo + Co. 

0 

The graphs  presented  confirm  the  special   value of the organiza- 
t i o n  of observations'over  the complex of electromagnetic phenomena i n  
the  polar  regions.   Actually,   the  observations of continuous  pulsations 
in   t he   An ta rc t i c   i n   t he   cou r se  of a half  year  have  yielded  physically 
c l e a r   r e g u l a r i t i e s  which  could  not be i s o l a t e d   i n  the middle l a t i t u d e s  
in   the   course  of many y e a s  of observation. 



Seasonal  Variation of  Continuous  Pulsations.  Analysis of t h e   d i -  
u rna l   var ia t ion  of regular  pc i n  the  Antarctic  has  yielded  convincing 
proof of the  connection of these  pulsat ions  with  i l luminat ion  ( the  polar-  
n ight   e f fec t ) .   S tudy  of the   seasonal   var ia t ion  of regular  pc i n   t h e  
Arctic  has  confirmed  this  connection. 

I n  Figure 7 i s  presented  the  seasonal   var ia t ion of regular  con- 
t inuous  pulsations  in  the  Arctic  (Lovozero) and the  Antarctic (Oaz i s )  
regions. 

I n   s p i t e  of t h e   f a c t   t h a t   d a t a  are avai lable   only  for  1 year,  the 
curves show a d i r ec t   r e l a t ionsh ip  of pc  exci ta t ion  to   i l luminat ion and 
have a correspondingly  opposi te   dis t r ibut ion  for   the  Arct ic  and  Antarc- 
t i c   r e g i o n s .  A direct  connection  with  illumination  has  been  established 

only  for   regular   pc.  The seasonal   var ia t ion of i r r e g u l a r  pc and the  
very  short-period  sip  differs  sharply  from  the  seasonal  variation of 
regular  pc.  This f a c t ,   i n   a d d i t i o n   t o   t h e   d i f f e r e n t   s p e c t r a l   d i s t r i b u -  
t i o n  and the   d i f fe ren t   d iurna l   var ia t ion   (espec ia l ly   for   s ip)  , once 
again  confirms  the  necessity f o r  dividing  continuous  pulsations a t  l e a s t  
i n t o  two c l a s ses   i n   t he  middle l a t i t u d e s  and in to   t h ree   c l a s ses   i n   t he  
h igher   l a t i tudes .  

0 

Figure 3. Distr ibut ion of continuous  pulsations by 
amplitude. 

a - Lovozero  (January-June 1958) ; 1-A + Bo; 2-Av + BV; 
b - Oazis .  

0 

The seasonal   var ia t ion of i r regular   cont inuous  pulsat ions  in   the 
Arctic and Antarctic  regions i s  presented  in   Figure 8a. From it can  be 
seen   tha t   the   l a rges t  number of pulsations  occurs  during  the  equinoxial 
months. The seasonal   var ia t ion of shortest-per iod  pulsat ions  (s ip)  i s  

analogous to   the  seasonal   var ia t ion of pco (Figure 8d). However, the 
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Figure 4. Di-nal var ia t ion  of continuous  pulsations  in 
the  Arctic and  Antarctic  regions. 

a - pc at the  Chelyuskin (l), Oazis (2) and  Lovozero (3) s ta t ions ;  

b - pc a t   t h e  Chelyuskin (l), Oazis (2) and  Lovozero (3) s ta t ions ;  0 

c - s i p  a t  the Lovozero station.  In  the  histograms,  data  are  used 
for the   Oazis   s ta t ion for August 1957-June 1958; for the Lovozero 
s t a t i o n  for June  1957-June 19%. 
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frequency of t h e i r  appearance i s  less than  the  frequency of the  appear- 
ance  of i r regular   pulsat ions.  

Once again it should  be remembered tha t   the   shor tes t   per iod  con- 
t inuous  pulsat ions  s ip ,   usual ly  are superimposed  on  irregular  pulsations 

pco,  although  not a f e w  cases  without  the  superimposition of s i p   a r e  ob-. 
served. 

Geographical  Distribution of Continuous  Pulsations.   In  spite of 
the   c lear   re la t ionship  of the   exc i ta t ion  of regular   pc   to   loca l   t ime,  
cases  are well-known  of the   exc i ta t ion  of these  pulsations  simultaneous- 
l y  over a v a s t   t e r r i t o r y .  

The r e g u l a r i t i e s  of exc i ta t ion  of  pc  over  an  area  encompassing 
both  hemispheres  and a great  longitudinal  interval  can  probably  be  sub- 
ordinated -to the  control  of universal  time, which  under ususal  condi- 
t ions  i s  masked by the  control  of loca l   t ime.  

Fo r   i so l a t ing   t he   r egu la r i t i e s  of worldwide exc i ta t ion  of pc, 
spec ia l   cor re la t ion   t ab les  were drawn up (see  Appendix). Days  when pc 
were  observed  simultaneously in   the  Arct ic   region,   in   the  middle  l a t i -  
tudes, and in   the  Antarct ic   region,  and also  over  great  longitudinal 
interval ,   received  the name of "transparent"  days. 

Days can  vary in  transparency. Days are  encountered when pulsa- 
t ions   a r i se   s imul taneous ly   in   bo th   po lar   reg ions  of the  ear th   and  in  a 
longi tudinal   interval   greater   than one t h i r d  of the  perimeter of the  
ear th 's   sphere.  Sometimes days are  transparent  for  both  polar  caps and 
the   middle   l a t i tudes   bu t   in  a comparatively  narrow  longitudinal  inter- 
v a l .  

I n  examining the   r egu la r i t i e s  of  the,  simultaneous  excitation of 
continuous  pulsations  in  the  Aptarctic  and  Arctic  regions  the above- 
descr ibed  polar-night   effect  on the pc  should  be  kept i n  mind. Indeed, 
if  the  recordings of the  Antarct ic   s ta t ions  are  compared wi th   the   re -  
cordings of a middle- la t i tude   s ta t ion ,   for  example i n   J u l y ,  it turns   out  
tha t   pu lsa t ions   c lear ly   expressed   in   the   middle   l a t i tudes   a re   t raceable  
pr inc ipa l ly  as t races  of pulsations  in  the  Antarctic  (with  the  exception 
of some well-matching  cases).  If  then  the  recordings of these   s ta t ions  
a re  compared f o r  November-December ( the  Antarct ic  swnmer) , an  opposing 
pattern  takes  place - the  middle  lat i tudes  repeat,   with  diminished  in- 
tens i ty ,   the   in tens ive   pu lsa t ions   observable   in   the   Antarc t ic .  The 
fac ts   descr ibed  above a r e   i l l u s t r a t e d  by two generalized  excerpts  from 
t h e   c o r r e l a t i o n   t a b l e s   f o r   J u l y  and November 1957 (see Appendix). The 
excerpts were made f o r   t h e   i n t e r v a l  of OOOO-O3OO hours,  universal  time, 
for   the  middle- la t i tude and Antarct ic   s ta t ions.  
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Figure 5 .  Diurnal   var ia t ion of polar  aurorae a t  the 
s t a t i o n  in 1957-1959. The f igure   loca ted   ins ide   the  
indicates   the  radiant   s t ructure  of the  polar  aurorae 
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6. The polar -n ight   e f fec t  for pc in   An ta rc t i ca   i n  Nov. 1957(a) and 
1958(b). The figures  displayed  inside  the  histograms  indicate  the 
of cases of intensive  pc (A+B) r e g i s t e r e d   i n  July. (Antarctic  winter).  
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Thus the   geographica l   l a t i tud ina l   d i s t r ibu t ion  of continuous  pul- 
sa t ions  depends  on the  season. 

Invest igat ion of t h e  problem of t h e   r e g u l a r i t i e s  of the  occur- 
rence@  transparent  days for pc  according to   longi tude  has   only begun a t  
the present  time.  There i s  a def ini te   tendency  towards  the  intensif ica-  
t i ons  of transparency  during  magnetic  storms  and on the  days  following 
these  storms. 

Clear days  occur, however,  even during  quiet  or weakly  disturbed 
states of t he  magnetic f ie ld .  

In   Figure 9 are presented  photocopies of recordings on the   c l ea r  
days of 13 February 1938 (after the  storm of 11 February)  and 2 October 
1937 ( a   r e l a t i v e l y   q u i e t  day).. I n  the second  example we have  used a 
photocopy  of  the  recording of the  earth  curjrents  sent  by  Doctor A. Fogt 
for the  Parmaribo  station  (Western  Hemisphere). 

1 1 1 1 1 1 1 1 1 1 1 1 ~  

17 FR P. I P P I H P rn ]r B months 
f357 6 1358 

Figure 8. Seasonal   dis t r ibut ion of PC ( a )  and s i p  (b) in   Antarc t ica .  
0 

1 - Lovozero; 2 - Chelyuskin; 3 - Oazis. 



Figure 9. Examples  of transparent  days  for PC. a - 13 February 1958; 
1-Lovozero; 2-Oazis; 3-Mikhaylovka-na-Sakhaline; 4-L'voG; b - 2 October 
1957; 1-Alma-Ata; 2-Alushta;  3-Lovozero;  4-Paramaribo.  Universal  time. 

. 
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As was already  s ta ted,  the shortest-per iod  pulsat ions  s ip  are the 
most highly  local ized,   i .e . ,   d iminish most rapidly  in  amplitude.  None- 
t h e l e s s ,   i n  a number of cases  they are registered  simultaneously a t  the 
polar and the  middle-lati tude  stations.   Study of these  pulsat ions on 
rapid,  more sens i t i ve   r eg i s t e r s  (30  m/minute) , which has  recently begun, 
permits us to   t r ace   sys t ema t i ca l ly   t he   r egu la r i t i e s  of t h e i r   d i s t r i b u -  
t i on   bo th   w i th in the  limits of the  polar  zone  and i n   t h e  middle l a t i -  
tude s . 
2. Pulsat ion  Trains   (pt)  

The Characterist ic  Morphological  Peculiari t ies of Pulsations 
Trains   in   the  Polar   Regions.   Pulsat ion  t ra ins   in   the  polar   regions do 
not  exhibit  the  ty-pical  shape  by which they   a re   charac te r ized   in   the  

middle l a t i t u d e s ,  by  the  processing of the  recordings made a t  the  polar 
s ta t ions ,   the   de tec t ion  of pu l sa t ion   t r a ins  was reduced t o  f i r s t  t rack-  
ing a t r a i n   i n   t h e  middle l a t i t u d e s ,  and then   t o   i den t i f i ca t ion  of a 
disturbance  taking  place a t  t h a t  moment in   the   Arc t ic  or Antarctic  with 
the   pu lsa t ion   t ra in .  A polar  disturbance  frequently  corresponding  to 
pu l sa t ion   t r a ins   i n   t he  middle l a t i t udes   u sua l ly   cons i s t s  of t h ree   e l e -  
ments: a microbay  with a duration of 4-6 minutes,  pulsations similar t o  
t ra ins   wi th   respec t   to   per iod ,  and  superimposed  very  short-period  pulsa- 
t ions  of the  sip  type  described above. 

1 

A n  interest ing  morphological   pecul iar i ty  of p u l s a t i o n   t r a i n s   i n  
the  middle   la t i tudes and in   po lar   reg ions ,  and a l so  of the   po lar   d i s -  
turbances  described  above, i s  t h e i r  complex micros t ruc ture   for   the  
shorter-period  pulsations (T-1-15 seconds). These pulsat ions  are  a l -  
ways observable on rapid  recordings (30  m/minute) when a t r a i n  or a 
polar  disturbance i s  noticeable on recordings  with a ro ta t ion  of 90 m/ 
hour. 

In   Figure 10, examples are  provided of polar  disturbances  and 
pu l sa t ion   t r a ins  which i l l u s t r a t e   t h e   p e c u l i a r i t i e s  of t h e i r  develop- 
ment in   the   po lar  and  middle l a t i t u d e s .  

Figure loa i s  an example of a pulsat ion  t ra in   wel l   expressed i n  
the  Arctic  region  (Chelyuskin) and i n   t h e  middle la t i tudes   (Alushta) ,  
and noticeable  in  the  Antarctic  only as a weak t r a c e  of a disturbance. 

Figure  lob i s  a case where two disturbances of the  pulsat ion-  
t ra in   type   a re   in tens ive ly   expressed   in   the   Antarc t ic   reg ion .  These two 

It should  be  noted  that  reduction of the  mater ia l  for 1959-1960 has 
shown that   wi th a decrease   in   so la r   ac t iv i ty ,   the  number of cases of 
appearance in   the  polar   region of pu lsa t ion   t ra ins   wi th   charac te r i s t ic  
middle l a t i t u d e  t r a i t s  increases.  



Examples of polar   dis turbances  and  pulsat ion  t ra ins   in   the 

(Figures lOa-lOe,  pages 52-56) 
~ o l a r  and  middle l a t i t u d e s .  

3 

Figure loa.  1.3 Apri l  1958; 1 - Chelyuskin; 2 - Alushta; 3 - Mirnyy 
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Figure 1Oc. 24 March 1958; 1 - Barentsburg; 2 - 
Chelyuskin; 3 - Alushta; 4 - Oazis .  







onsets were not  manifested  in  the  middle  lat i tudes  (Alushta) . In   the  
Arctic  only  the first one  occurred,  the  intensive  part  of the  onset   in  
the  Arct ic   region  ant ic ipat ing  the  onset  of the  dis turbance  in   the Ant- 
arc t ic   reg ion .  

Figure 1Oc i s  a case of the   in tens ive   onse t ,   in   the   middle   l a t i -  
tudes,  of disturbances of the  t ra in   type  not  accompanied by  noticeable 
disturbances of the   t ra in   type   in   the   Arc t ic  and Antarctic  regions.  

Figure lOd i s  a typ ica l  example of a se r i e s  of pu lsa t ion   t ra ins  
in   t he   midd le   l a t i t udes   de t ec t ab le   i n   t he   Arc t i c  and  Antarctic  only as 
very weak t r aces .  

Figure  10e i s  a case of p u l s a t i o n   t r a i n s   i n  a bay in   t he  middle 
l a t i t u d e s  t o  which corresponds no onset of any c l a r i t y  whatsoever i n   t h e  
Arctic or the  Antarctic  region. 

The photocopies show tha t   the   charac te r  of the  disturbance of 
pulsa t ion   t ra ins   in   the   middle  and polar   l a t i tudes  i s  complex and d i s -  
similar from  case  to  case. Up to   t he   p re sen t   t ime ,   t he   r egu la r i t i e s  of 
the  connection  between  the  polar  disturbances  described above and the 
p u l s a t i o n   t r a i n s   i n   t h e  middle l a t i t u d e s  have as  yet   not  been ex- 
plained. The ava i lab le   da ta   permi ts   us   to  assume t h a t   p a r t  of the  pul-  
sa t ion   t ra ins   observable   in   the   middle   l a t i tudes  i s  ac tua l ly  a t race  of 
the  polar  disturbance (as has   been  indicated  ear l ier) ,   whereas   in  a 
number of other  cases  such  regularity i s  not   c lear ly   de tec tab le .  

Periods and  Amplitudes of Pulsation  Trains.   Figures 11 and 12 
show the   d i s t r ibu t ion  of pu lsa t ion   t ra ins   accord ing   to   per iod  and  ampli- 
tude  for   the  Arct ic  and Antarc t ic   s ta t ions   ( in   the   case  of a polar dis- 
turbance,  the  period was determined  for  the  middle-latitude  train-ty-pe 
pulsat ions which,  according to  the  accepted  terminology,  comprise  the 
second  element of a polar  disturbance).  The graphs show that   per iods of 
t r a i n s   i n   t h e   p o l a r   r e g i o n s   l i e   p r i n c i p a l l y   w i t h i n   t h e  limits of 5-90 
seconds. The amplitudes of t ra in- type  pulsat ions  in   the  polar   regions 
amount to   t ens  and hundreds of mil l ivol ts   per   ki lometer .  

Diurnal  Variation of Pulsat ion  Trains .  The d iurna l   var ia t ion  of 
pu l sa t ion   t r a ins  and the  polar  disturbances  corresponding  to them i n   t h e  
Arctic and Antarctic  possesses a l l  t h e   t r a i t s   p e r t a i n i n g  t o  analogous 
d i s t r i b u t i o n s   i n   t h e  middle l a t i t u d e s .  I n  Figure 13 i s  presented  the 
d iu rna l   d i s t r ibu t ion  of p u l s a t i o n   t r a i n s   f o r   t h e  Oazis  and  Lovozero s t a -  
tiolzs. These d i s t r ibu t ions  have the same charac te r   a t   o ther   po lar  sta- 
t ions  as well. 

The graphs show tha t   the   in f luence  of local  time  undoubtedly, 
plays a ch ie f   ro l e   i n   t he   poss ib i l i t y  of the  appearance of pulsat ion 
t r a i n s   a t   A r c t i c  and Antarct ic   s ta t ions.  However, i n   d i s t i n c t i o n  from 
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Figure 11. Dis t r ibu t ion  of pu l sa t ion   t r a ins  by  periods 
in   the   Arc t ic  and Antarctic  regions.  
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Figure 12. Dis t r ibu t ion  of pulsa ' i ion  trains  by ampli- 
tude   in   the   Arc t ic  and Antarct ic   regions  in  August 
1957 -&me 1958. 

a - Chelyuskin; b - Lovozero. 

continuous  pulsations, where this   connect ion  with the local   t ime  passes  
i n t o  a d i r e c t  dependence  on i l l umina t ion ,   t h i s   e f f ec t  i s  more corqplex 
f o r   p u l s a t i o n   t r a i n s .  Changes i n   t h e  number of pu l sa t ions   t r a ins  from 
month t o  month do not   display  an  effect   analogous  to   the  polar-night  
effect   for  continuous  pulsations.   This  probably  indicates a more ai- 
rect   connection between p u l s a t i o n   t r a i n s  and the  corpuscular   radiat ion 
of the  sun.   Possibly  this   type of pulsat ions i s  a l so   d iv isab le   in to  
subtypes,   the   regular i t ies  of whose exci ta t ion  are   var ious.  



Seasonal  Variation of Pulsation  Trains.  The seasonal  variations 
of pu lsa t ion   t ra ins ,  and of the  polar   dis turbances  mited  with them i n  
one class ,   has   in   the  Arct ic  and Antarctic  regions a c l e a r  m a x i m u m  i n  
February-March 1958 (Figure 14). For the  middle  lat i tudes,  data on the 
seasonal  distribution  are  contradictory.   In  Japan,  the  reduction of 
earth-current  observations  covering many years  has  also  yielded  results 
which indicate   the predominance of pu l sa t ion   t r a ins   i n   t he  equinoxes 
(Ref. 5 )  . 

Geographical  Variation of Pulsation  Tcains. Up t o  now, the  reg- 
u l a r i t i e s  of the  exci ta t ion of pulsatiolz  trains  simultaneously  in  the 
An'iarctic and Arctic have not  bee=  studied.  Recordings of ear th   cur-  
r e n t s  i:1 the  Arctic and Antarctic , correlated by parameters , ha?re per- 
mit ted  correlat ion  tables  t o  be  compiled 011 the basis of  which cases of 
the s i m l t a n e o u s  exci ta t ion of pu lsa t ion   t ra ins   in   the   Arc t ic  and Ant- 
arct ic   regions and i n  the  middle  lat i tudes were studied. For pulsation 
t r a ins  as well as for continuous -pulszLions, the  concept of a t ranspar-  
eRt  day was introduced.  Investigation 02 the  conditions of clearness 
f o r   t r a i n s   h a s  just  begun. However, one  car. already  say  that   the number 
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of cases of the  simultaneous  excitation of pu lsa t ion   t ra ins   o r   po lar  
disturbances in the  Arctic and h - t a r c t i c  i s  rela-Lively  large. 

It should  be  noted  that  conditions of transparency  vary. Sone- 
t imes  pulsat ion  t ra ins   are   regis tered  s imultaneously  in   both  polar  re- 
gions of the   ear th ' s   sphere  and i n  a comparatively small longi tudinal  
i n t e r v a l .  Sometimes, along  with  simultaneous  excitation  in the Arctic 
and  Antarctic  regions,   trains are de tec tab le   in  a longi tudina l   in te rva l  
greater  than one t h i r d  of the  ear th 's   per imeter   (see Appendix, Table 1). 
Preliminary  quantitative  analysis of cases of the  simultaneous  excita- 
t i o n  of pu l sa t ion   t r a ins   i n   t he   Arc t i c  and Antarctic  regions  and  the 
middle lati tudes  permitted  the  following  noteworthy  fact   to  be  observed: 
pulsation  trains  appear  to  be  disturbances more t y p i c a l  of the  Arctic 
region  than of the  Antarct ic .  The seasons of greatest   transparency Tor 
them are,  apparently,  the  equinoxes. 
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Table 1 

Sta t ion  

Hayes Is land 
Chelyuskin 
Tiksi  
Petropavlovsk 
Irkutsk 
Yuzhno -Sakhalinsk 
Alushta 

Alma -At a 
Oazis 

S ta t ion  

Hayes I s land  
Piramida 
Chelyuskin 
Tiksi  
Lovozero 
Borok 
Petropavlovsk 
Lrkutsk 
Yuzhno -Sakhalinskl 
L'vov 
Alushta 
Alma-Ata 
Oazis 

Train On 3 Augx 
I 

I 

Longitude 

156'29' 
176 24 
191 08 
218 14 
175 28 
204 15 
113 36 

151  03 
77  43 s. 1.59  53 
33 lo I 

T r  a i  

Latitude 

70'54'N. 
74 27 
65 58 
60 08 
62 45 
52 53 
44 24 
41 19 
40 24 
47 00 
40 56 
33 10 
77 43s.  

* 
P.D. - Polar disturbance. 

EOXHO-Cam- 
JHHCK 

n b B O B  

AnyruTa 
Anhra-ATa 
O a s ~ c  

40  24 

47 00 
40 56 
33 10 
77 43 Y). 

3 
" 

t 1958 
I n i t i a t i o n  

t r a i n  of t r a i n  
End of 

1425 hrs . 1351 hrs. P.D? 
1330 I '  P.D; 

1420 'I 1335 ' I  

1x0 1250 'I 

1500 1300 I I  

1430 " 

1330 1450 " 

1300 I '  1500 

(Trace of 
Traid 

1332 hrs. 
1347 " P.D. 

1420 hrs. 
1440 I' 

s t  1958 
I n i t i a t i o n  I End of 
of t r a i n  

1730 h r s .  P.DT 

t r a i n  

1848 hrs. 

1732 hrs. P.D. 1850 hrs. 
1733 '' 1741 I' 

1730 I '  

1738 1732 " 

1837 1732 I '  

1829 

1732 h r s  . 1756 hrs. 
1732 I 1837 I '  

1730 krs. 1740 hrs. 

No Tape 

No Tape 

No Tape 

1-735 'I I 1952 " 

I I n  the  Russian  original two values  are  assigned t o   t h e  hyphenated  term. 
The  more plausible arrangement i s  typed  above. The o r i g i n a l  i s  below. 

204 15 17  32 17 56 
17 32 I18 37 

104 09 HeT JleHT 

113 36 
151 03 

17 35 I19  52 159 53 
17 30 17 40 



Sample  of  Correlation  Table 
* 

Interval of OOOO-O3OO Hours 
Greenwich  Time 

Table 2. 

Day  of  the 
Month 1 2 3 4 5 6 7 8 9 10 I 1  12 13 14 15 16 17 18 19 20 21  22,  23  24  25 26 27 28 29 30 31 

Middle 
Latitudes 

-" - A-B - A A BA - B - B B B - AA-B A-B - A A A B B - Interference 

Day Of the 1 2 3 4 5 6 7 8 9 10 I 1  12  13 14 15 I6 17 18 19 20 21 !22 23 24 25 26 27 28 29 30 31 
Month 

Antarctica C-B A c B-A B c B C-B c C-B c-B CB GB B GB c c - - B B - A C B B - A  B B C C  - C - -  

V 

* NL - no  tape; C - weak  continuous  pulsations; AB - characteristic  intensive  pulsations; 
C? - C?? - doubtful  and  very  doubtful  cases of continuous  pulsation. 
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Baranskiy, N. Naumenkov, V. Bobynin, I. Rokityanskiy, 0. Okhatsimskaya, 
Yu.  Rastrusin,  R.  Shchepetnov, K.  Zybin  and V. Kononkov  (Institute of 
Physics of the Earth, Academy of Sciences USSR), who conducted  the ob- 
servations  in  the  Antarctic,  at  the  middle-latitude  stations,  and  at 
the  Lovozero  station. The author  considers  it  his  duty  to  note  also  the 
great  amount  of  work  done  by  the  scientific  workers of the  Institute of 
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VII. PFJ3LIMINARY RESULTS O F  TRE EARTH CURRENT 
OBSERVATIONS AT TIKSI BAY 

E. P. Zubareva 

A Short  Description of t h e   I n s t a l l a t i o n  

The cont inuous  regis t ra t ion of short-period  pulsations of t h e  
ear th 's   e lectromagnet ic   f ie ld   according  to   the program of   the  IGY began 
a t  T i k s i  Bay on 15 February 1958. 

I n   t h e  f i rs t  period  of  the  observations  (February - September 1958), 
the  recording w a s  car r ied  out at  rotation  speeds  of 0.3 mm/sec and 
90 mm/hr from  overhead l i n e s  500 meters long  placed  crosswise  near  the 
vil lage  of  Tiksi   (Ref.  1). The operation of t h e   e l e c t r i c  power s t a t i o n  
and of   var ious   e lec t r ica l ly   d r iven   ins ta l la t ions   c rea ted   very   s t rong  
noise on t h e  NS-component i n   t h e  form of  sharp  overshoots a t  t h e  90 
mm/hr r a t e  and a d i f fuse   record ing   l ine  a t  t he   0 .5  mm/sec r a t e .  

I n   t h e  middle of September 1958 the   ear th-cur ren t   s ta t ion  w a s  
t r a n s f e r r e d   t o  a geophysical  settlement  located  about 6 kilometers  from 
the  shore  of   the  bay. The rece iv ing   l ines  were l a i d  on  the  surface of 
t h e  ground i n  swampy tundra  transversed by a chain  of small r idges  
which  consisted  of  original  outcrops and places composed of clay  shale  
and decomposed quartz .  The electrodes  ( lead  plates  measuring 750 x 500 
x 3 mm) were grounded a t  a depth  of 2 meters and were placed  on  the 
geographical  meridian and p a r a l l e l .  The dispers ion  of   the  e lectrodes 
w a s  cross-shaped. The interelectrode  res is tances   vary  according  to   the 

ex ten t   o f   so i l   f r eez ing  from 1 x l o3  t o  3.5 x 10 6 ohms f o r   t h e  EW l i n e  

and  from 1 x 10 t o  5 x lo6 ohms f o r   t h e  NS l i n e .  3 

Up t o  26 Apri l  1959, the  recording was ca r r i ed   ou t   w i th   l i nes  1 km 
long a t  r a t e s  of 0.5 mm/sec, 90 and  22 mm/hr. The s e n s i t i v i t y   o f   t h e  
i n s t a l l a t i o n s  f o r  90 and 22 mm/hr varied  from 0.5 t o  2.5 mv/km x mm for 
t h e  EW element  and  from 2 t o  13 m v / h  x mm for t h e  NS element.  In 
order   to   reduce  the  intermediate   res is tances ,  new electrodes were made 
similar to   the   p rev ious   ones  b u t  s i t ua t ed  a t  a depth of 0.4, 0.5 meters 
between l aye r s  of  coal  dust  over  which was poured a concentrated  solu- 
t i o n  of N a C l .  With the  approach of summer, and a l s o  due t o   t h e  new 
placement of the   e lec t rodes ,   the   in te re lec t rode   res i s tances  were reduced 
t o  2,000 ohms on t h e  NS l i n e  and t o  9,000 ohms on t h e  EW l i n e .  

Since 13 June 1959 l i n e s  1 km long  have  been  used for high-speed 
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Fig. 1. Examples of pulsation types. 
a - pulsation  trains  (rotation  rates of 22 and 90 mm/hr) 
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b 

Fig. 1. b - gigant ic   pulsat ion on tellurograms 
( ro t a t ion   r a t e s  of 22 and 90  mm/hr)  and on  magneto- 
gram, 6 A p r i l  1958. Universal  time. 

i n s t a l l a t i o n ( r o t a t i o n  a t  0.5 mm/sec), and f o r   t h e  slowly  running 
i n s t a l l a t i o n s   ( r o t a t i o n  a t  90 and 22 mm/hr) , l i n e s   0 . 5  h long  were 
placed i n  an L-shaped pa t te rn  so that   the   southern and western  elec- 
t rodes of t he  f i r s t  ins ta l la t ion   a re   respec t ive ly   the   wes te rn  and 
nor thern   e lec t rodes   for   the  second i n s t a l l a t i o n .  The common (south- 
eastern)   e lectrode i s  under the  sane  conditions as a l l  t he  remaining 
ones. The interelectrode  res is tances   for   the  s lowly  running  instal la-  
t i o n s  have  values i n   t h e   o r d e r  of 1480 ohms (NS) and 1460 ohms (EN). 
The recording  sensit ivity  of  the  slowly  running  installations i s  i n   t h e  
order  of 4 mv/h  x mm f o r   t h e  NS elements and 1 mv/km x mm for t he  EW 
element. The d i r ec t ion  from south t o   n o r t h  and from  west t o   e a s t  w a s  
adopted as the   pos i t ive   cur ren t   d i rec t ion .  

Preliminary  Results of t he  Reduction of Tellurograms 

From the  beginning  of  the  observations t o  1 May 1959, 939 t e l lu ro -  
grams were obtained a t  t h e   r a t e  of 90 m / h r  and 176 at t h e   r a t e  of 22 
mm/hr.  Upon reduction,  pulsations of two types were isolated:   cont in-  
uous  PC with  periods of 10-40 secs,  and t r a ins   p t   w i th   pe r iods  of 40- 
80 secs  (Refs. 2,  3).  Pulsation  trains  well-expressed on the  recordings 
of middle- la t i tude  s ta t ions have a completely  different  shape  in  the 
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Fig.  2. Diurnal  distribution  of  continuous  pulsations 
(a)  and t ra ins   (b)   according  to   data   for   February-  
December 1958 (without  October). 

Arctic  (Fig.  1) because  of   the  high  act ivi ty   of   the   ear th   currents .  
The amplitude  of  the  trains  varies,   depending on the  disturbance,  from 
20 t o  150 m v / h  x mm. Continuous  pulsations are similar i n  form t o  
the  corresponding  pulsations  in  the  middle  lat i tudes,   but  are  charac- 
t e r i zed  by a higher  amplitude  ( in  the  order of 1-30 mv/km x mm) . 

The d iu rna l   va r i a t ion  of both  types  of  pulsation was found. It 
tu rned   ou t   t ha t   i n  February-June 1958 the   d iurna l   var ia t ion   o f  pc  and 
p t  a t  the   T iks i   s t a t ion  i s  analogous to   t he   d i s t r ibu t ion   ob ta ined  a t  
central   Asian  s ta t ions (Ref. 4). A noticeable maximum occurs a t  2000- 
2200 h r   f o r   p t  and a t  0200-0800 h r   f o r  PC (F ig .   2 ) .   I n  Aagust-Septem- 
ber 1958 the   d iu rna l   d i s t r ibu t ion   o f   p t  was very  indeterminate. A 
similar absence of c lear   extremes  of   dis t r ibut ion i s  cha rac t e r i s t i c  
a lso  for   cont inuous  pulsat ions,   regis tered  with  the  help  of  a l o o p  
having a diameter of 28.5  meters  placed i n   t h e  area of  the  geophysical 
town on the  photo-attachment of an s-180 camera. 

A gigant ic   pulsat ion,  a very rare type  of  pulsation  in  the 
Arc t ic ,  w a s  observed on 6 April  1959 in   the   record ings   o f   the   ear th  
cur ren ts  and magnetic  f ield.  It appeared a t  2226 h r  and l a s t e d  around 
an  hour  with a period of 90 sec.  The m a x i m u m  amplitude of the  pulsa- 
t i o n s   i n   t h e  EW components reached  2.7 mv/km and 14.5 m v / h   i n   t h e  
NS ones, H was 1 4  gamma (F ig .   l b ) .  

In   addi t ion  to   determining  the  diurnal   var i t ion  for   each  hour   of  
recording,  the maximum ampli tude  of   the  pulsat ions  in   mil l ivol ts   per  
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Fig. 3. Comparison of ac t iv i ty  of tne earth currents  with  other  geophysical phenomena.  Upper 
curve - average  diurnal  values of the maximum amplitudes of the  horizontal  component of the 
magnetic f i e ld   i n   r e l a t ive   un i t s ;  lower  curve - average  diurnal  values of the m a x i m u m  amplitudes 
of   the  la t i tude component of t h e   t e l l u r i c   f i e l d   i n  mv/km.  The t r iangles  mark t he  moments of 
ionospheric  disturbances;  the  vertical  strokes mark the  moments of the appearance  of  radio  echoes aJ P 

from polar  aurorae. 
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kilometer was found.  During the  reduct ion of tellurograms  obtained 
i n   t h e  Bay of Tiks i  (February-September 1958, ro t a t ion  speed 90 mm/hr) , 
the  amplitude of the  greatest   pulsat ion  in   the  per iod  of   each  hour  w a s  
taken as the  m a x i m u m  amplitude.  Recordings  of  the  meridional  element 
for   this   per iod  are   not   included  in   the  reduct ion  because of strong 
noise.  Since  October 1958 the  m a x i m u m  amplitude  for  both components 
has  been  determined a t  the   ra te   o f  22 mm/hr. A s  a r e s u l t  , the  average 
diurnal   values  of t he  m a x i m u m  amplitudes  for  each month were obtained. 
It was observed that  both  during  magnetic  storms and on quiet   days  the 
currents  a t  a distance  of 1 km from the  shore  of  the bay a r e  more inten-  
s ive   than  a t  a distance  of 6 km (the  geophysical  town). 

I n   o r d e r   t o  compare t h e   a c t i v i t i e s   o f   t h e   t e l l u r i c  and the  magnetic 
f ie ld ,   the   average  diurnal   values   of   the  m a x i m u m  amplitudes  of  the l a t -  
i t ud ina l  component of   the  ear th   currents  and the   hor izonta l  component 
of   the  magnet ic   f ie ld   in   the Bay of T iks i  were contrasted  (Fig.  3 ) .  

Owing t o   t h e  broad complex of  geophysical  observations i n   t h e  Bay 
of   Tiksi ,   the   resul ts   of   these  observat ions may be compared. It was 
noted  that   radio  s ignals  from polar   aurorae and d is turbances   in   the  
ionosphere arise  simultaneously  with  strong  magnetic  disturbances and 
dis turbances  of   the   ear th   currents   (Fig.  3 ) .  I n   t h e  immediate compar- 
ison  of  the  tel lurograms and magnetograms, a s ign i f i can t   s imi l a r i t y  
w a s  noted in   the   record ings   o f   the   l a t i tud ina l  component of t h e   e a r t h  
cur ren ts  and t h e   v e r t i c a l  element of t h e  magnetic f i e l d .  An analogous 
result  was obtained  from  observations  in  the  Antarctic a t  t h e  M i r n y y  
s t a t i o n  ( R e f .  5 ) .  The meridional component of   the   ear th   cur ren ts   in  
t h e  Bay of   Tiksi  i s  ex terna l ly  similar t o   t h e   h o r i z o n t a l  component of 
the  magnetic  f ield,   whereas  an  opposite  effect  was observed f o r  the  
Cape  Vykhodnoy s t a t i o n  (Ref. 6).  

During  severe  magnetic  storms,  the  greatest  coincidence i s  observ- 
ab le   i n   t he   r eco rd ings  of elements of the  magnet ic   f ie ld  ar,d of  ea r th  
current  components, dis turbances  of   the   la t ter   being more c l ea r ly  
expressed. 

To f ind  the  average monthly diurnal   var ia t ion  of   both  of   the  ear th-  
current components, tellurograms  with q u i e t  recording  for  3-10 days of 
each month were selected and analyzed.   Variat ions  of   the   potent ia l  
gradient  for  each  of  the  days were  obtained by subtracting  the  average 
diurnal  value from the  hourly  ordinates.  On the  basis of  these  data,  
average  monthly va r i a t ions  of t h e   p o t e n t i a l   g r a d i e n t   f o r  June-December 
1958 and January-April 1959 were p lo t t ed   fo r   t he  EW components, and f o r  
October-December 1958 and January-April 1959 f o r   t h e  NS components. 
Earth  current   regis t ra t ions  for   February 1959 are very  distorted  because 
of  snowstorms,  and  were  excluded  from the  analysis   of   both components. 
Fig. 4 shows the   d iu rna l   va r i a t ion  of ear th   cur ren ts  a t  the   T iks i  



Fig. 4. Diurnal   course  of   var ia t ions  in  
the  potent ia l   gradient   of   the   ear th   currents  
f o r  October-December 1958, January-April 
1959. Sol id   l i ne  - l a t i t u d i n a l  component; 
broken l i n e  - meridional component. 

Fig.  5. Hodograph of the   po ten t i a l  
g rad ien t   fo r   Apr i l  1959. 
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station for October-December 1958, January , March,  and  April 1959. 
According  to  the  monthly  hodograms  for  November  1958-April 1959 

(Fig. 5), it  can  be  seen  that  the  vector  of  the  complete  potential  grad- 
ient  has a predominantly  meridional  direction.  The  predominance  of  the 
meridional  component  over  the  latitudinal,  the  increase  of  the  poten- 
tial  gradient in summer  and  its  decrease  in  winter  were  also  observable 
at  the  Fairbanks  College  station  (Ref. 7). 

Results 

From  an  analysis  of  the  data  of  the  reduction  of  earth  current 
recordings  at  Tiksi  Bay  for  March  1958-April 1959, the  following 
conclusions  can  be  made. 

earth  currents  decreases,  i.e.  the  so-called  coasta.l  effect  in  earth 
currents  takes  place. 

inal  and  is  displaced  in  phase  relative  to  the  latter. 

polarization,  the  large  axis  of  which  is  situated  in  a  meridional 
direction. 

current  disturbances  and  the  magnetic  field. 

currents  and  that  of  polar  aurorae  are  in  good  agreement  according  to 
photographic  and  radio-location  observations. 

1. In  going  away  from  the  shore  of  the  bay,  the  intensity  of  the 

2. The  meridional  component  is  more  intensive  than  the  latitud- 

3. The  vsriable  telluric  field  in  the  Tiksi  region  has  elliptical 

4. A very  good  positive  correlation  exists  between  the  earth- 

5.  The  seasonal  variation  of  the  disturbance  maxima  in  the  earth 
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VIII. PBXLIMINARY IiESULTS OF TE3 EARTH CURREXI 
OBSERVATIONS AT THE BARENTSBURG  STATION (Spitzbergen) 

N. M. Nik i t ina  

Observations  of  the  earth  currents at the  Barentsburg  Geophysical 
S ta t ion  were  conducted  from 2 October 1957 through 30 June 1959 a t  
r o t a t i o n   r a t e s  of 90 m / h r  and 30 mm/min. The s t a t i o n  w a s  s i t u a t e d   i n  
a va l ley  2 km wide composed of a l luv ia l   depos i t s  of t h e   r i v e r ,  and 
surrounded  on a l l  s ides  by mountains. 

The ear th-cur ren t   ins ta l la t ion  was of the  4-electrode  type. The 
NS (700 m) and EW (600 m) rece iv ing   l ines  were l a i d   i n   t h e   d i r e c t i o n  of 
the  geographic  meridian and the  geographic   paral le l .  I n  view of   the 
f ac t   t ha t   du r ing   t he  summer months the   va l l ey  was crossed by many 
violent  brooks it was decided t o   s t r i n g  p a r t  
overhead par t   o f   the  NS l i n e  amounted t o  400 
300 meters. The remaining  part  of  the  cable 
about 20 cm. Holes two meters  deep were dug 
electrodes were packed i n  a mixture  of  coal, 

of  the  cable on  poles. The 
meters ,   that  of t h e  EW - 
was buried at a depth  of 
f o r  ground. Lead p l a t e  
clay and salt. 

The nearness of a mine i s  a cause of noise  from power in s t a l l a t ions ,  
both a t  slow and a t  fast recording. A t  slow  recordlng,  the  noise  has 
the  form of  splashed aimed a t  both components i n  one direct ion.  On the  
fast  reg is t ra t ions   the   in te r fe rence   has   the   charac te r   o f   success ive  
impulses and overshoots. The noise  has a well-expressed  diurnal  varia- 
t ion ;  it appears  principally from 1600 t o  0800 hr   accord ing   to  Moscow 
time, b u t  in   the   per iod  from 0800 t o  1600 h r (du r ing   t he   day ) . i t  i s  almost 
never  encountered. The noise  occurs  usually  in  groups  in  the  course  of 
several   hours.  The duration  of a splash i s  7-10 minutes.   In  winter  the 
noise  appears  considerably  less  frequently  than  during  the  spring, 
summer o r  autumn. The cause of the   no ise  i s  the  movement of the  
e l ec t r i c   t ro l l ey   t r anspor t .  

I n  a number of  highspeed  recordings  "tremors"  were  noted:  electri- 
cal   pulsat ions  with 1.8-2.0 sec  periods, and amplitudes 1.3 mm f o r   t h e  
NS l i n e  and 1 . 0  mm f o r   t h e  EW l i n e ,  were  superimposed on the  recording. 
Sometimes the  amplitude  attained 2.5 mm f o r   t h e  NS and 1.5 mm for t he  
EW l i n e s .  Having  appeared,  these  pulsations  lasted  for  several   hours,  
and sometimes, with  interrupt ions,   for   several   days.  

It w a s  found that  tremors arise during  winds  of up t o  6 points 
with  gusts  up t o  8 points i n  i n t ens i ty .  Such winds p r e v a i l   i n   t h e  
winter  time and  have  mainly a l a t i t ud ina l   d i r ec t ion .  Tremors a r e  caused 
by cable   v ibra t ions   in   the  wind; t h i s  i s  confirmed by the  coincidence  of 



the   vibrat ion  per iod of the  cable  spacings  with  the  period  of  the 
tremors. 

Operating  Conditions of the  Earth-Current   Instal la t ions 

. The parameters of t h e   i n s t a l l a t i o n   f o r  slow reg i s t r a t ion  of t he  
ear th"s   e lec t r ica l   f ie ld   a re   p resented   in   Table  1. They were  not 
changed during  the two years   the   s ta t ion  w a s  in   operat ion.  

T a b l e  1 

Line 

NS 

EW 

Galvanometer 4. Panel ShchZT-1 
-~ - 

I 

N 1 RkrY Ohm Rba l l a s t J  m/ohms 
. ". - 

~~ 

quie t   opera t ion   a le r t  
9264 

9450 1400-1500 1430-1500 8 9 1240 270 

During t h i s  same t ime  the   sens i t iv i ty  a t  slow recording  for  the 
two components var ied  within  the limits: 

for   quiet   operat ion NS 3.2-5.5 m v / h  
EW 3.3-6.0  mv/h 

fo r   a l e r t   ope ra t ion  NS 12-15 mv/km 
EW 13-17 m v / h  

In  Table 2 are   presented  the  parameters   for   the  instal la t ion  for  
r ap id  r eg i s t r a t ion  of the   ear th-cur ren t   f ie ld  from the  opening  of  the 
s t a t ion  up t o  9 March 1959. 

Table 2 

1 

I n  March 1959 the   opera t ion   of   the   ins ta l la t ion   for   rap id   reg is -  
t r a t i o n  was reorganized: ballast res i s tances  were eliminated from the  
c i r cu i t   i n   o rde r   t o   op t imize   t he   de t ec t ion  of pulsations  with 2-4 sec 

Exact meaning of these  subscripts  not  determinable. 



88 

periods on the  recording  without  the loss of  pulsations  with  periods 
of 6-20 sec. On 23 March,  operating  conditions  were  established, 
involving  parameters of the  highspeed  registration  installation  as .shown 
in  Table 3. 

Table 3 

Line S w0-r D 1 
Rsh7 

ohms ohms ohms ohms see k/ohms mef 
R3 J Rballast~ RkrJ Rg, To, 

1 

NS 

2000 6130 1670  0.76 6.1 28 1.6 1 EW 

2760 1660 0.81 2.7 20 1.1 1 

The  resistance  of  the  ground  connection on the NS line  reached 6000 ohms, 
and 3500 ohms on  the EW line. To equalize  the  external  parameters  of 
the two components  and  also  to  coarsen  somewhat  the  recording on  the 
more  sensitive  eastern  element,  a 2 k/ohm ballast  resistance was  in- 
stalled on the EW line.  To  eliminate  the  effect of this  change,  resis- 
tance  boxes  were  includeq  in  the  circuits  of  both  lines.  Resistance 
changes  in  both  lines  were  compensated  by  the  boxes  in  such  a  manner 
that  the  resistance  of  the  lines  as a whole  remained  unchanged. 

Pulsations  of  the EW component  were  more  intensive on the  record- 
ing  in  comparison  to  the  pulsations  of  the NS component. To equalize 
the  sensitivity of the  two  lines,  a  potentiometric  coarsening  circuit 
was  developed. The voltage  was  fed onlyto part  of  the  by-pass.0peration 
under  these  conditions  continued  until  the  shutdown  of  the  station. A 
shortcoming  of  the  selected  regime  is  its  excessive  sensitivity,  as  a 
result  of  which  registration  is  undecipherable  during  disturbances. 

Resistance of the  Ground  Connections 

The  resistance  of  the  ground  connection  was  measured  periodically 
with  a  Wheatstone  bridge.  The  changes  in  the  ground  resistances  during 
the  entire  operation  of  the  station  are  shown  in  Fig. 1. 

In winter  the  resistance  values  increase  in  comparison  with  the 
summer by a  factor of 10-15. In summer  the  minimum  value  of  the  ground 
resistances  for  the NS lines  was 400 ohms and for  the EW lines  was 350 
ohms. In winter  the  maximum  values  were  as  much  as: 

in 1958 NS lines 5300 ohms 
EW lines 1900 ohms 

1 
Exact  meaning of these  subscripts  not  determinable. 



i n  1959 NS l i n e s  6600 ohms 
EW l i n e s  3700 ohms 

The higher ground resis tance  values   in   the  winter   of  1959 i n  com- 
parison  with  the  winter of 1958 are  explained by t h e   f a c t   t h a t   t h e  
win te r  of 1959 was more severe. The more intensive growth  of res is tance 
on the  NS l i n e s  i s  c l ea r ly   v i s ib l e  on the  graph.  This i s  explained 
apparently by the   f ac t   t ha t   t he   e l ec t rode  on the  south end of t h e   l i n e  
had become covered  with  water. 

R.. ohms 

Fig. 1. Changes in   the   res i s tances  of the ground 
connections  (October  1957-June 1959). 

Results  of  Observations 

The ear th-cur ren t   f ie ld  a t  the  Barentsburg  s ta t ion i s  distinguished 
by a considerable   act ivi ty .  A t  pulsation  arpli tude  values  of up t o  100 
mv/km, t h e   e l e c t r i c a l   f i e l d  may be regarded as being q u i e t  o r  weakly 
dis turbed.   Pulsat ion  ampli tudes  during  geoelectr ical   s torms  usual ly   l ie  
within  the limits of 300-700 mv/km; the  greatest   amplitude  values  for 
the  entire  observation  period  reached 1.8 v/km f o r   t h e  NS element and 
1 .5  v/km f o r   t h e  EW element .   Ordinar i ly   the  e lectr ical   f ie ld  i s  more 
disturbed  during  the f irst  half  of  the  day, from 0300 t o  1200 hr  (Fig. 2 ) .  
The m a x i m u m  of the  disturbances  occurs  during  the  period  of 0300-0900 hr .  

Fig.  3 shows the  seasonal  variation  of  the  average  monthly  values 
for   the   hour ly  m a x i m u m  amplitudes of both components o f   t he   e l ec t r i ca l  
f ield  during  the  entire  observation  period. The period between  February 
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Fig.  2. Diurnal   var ia t ion of the  dis turbed  per iods 
o f   t h e   e a r t h ' s   e l e c t r i c a l   f i e l d  (November  1957-May 1959). 

and September 1958 was very  disturbed;  the  greatest  disturbance  occurred 
i n   J u l y  1958 when the  average  value of the  hourly m a x i m u m  amplitude 
reached 257 m v / h  f o r   t h e  NS element and  227 mv/km f o r   t h e  EW element. 
The period between  October  and January was qu ie t   bo th   i n  1957 and i n  
1958. In  February 1959 an  increase  in  disturbances began but  not as 
s ign i f i can t  a one as i n  1958. 

The most typical   of   the   manifestat ions on  recordings  of  earth 
currents   in   Barentsburg  are   long-period  pulsat ions  of   i r regular   shape 
with  periods  of 3-5 minutes;  frequently  pulsations  with a lesser period 
are superimposed 
t o  recordings a t  

~~ 

on  them. The detection  of  pulsation  trains  according 
a s ingle   Arc t ic   s ta t ion  i s  v e r y   d i f f i c u l t .  Continuous 

NS 

40 

8 1 ~ r I P m ~ P ~ ~ n X Q ~ r ~ m r P P . m o n t h s  
f957 1958 I353 

Fig.  3. Seasonal  variation  of  the  average  monthly 
hourly m a x i m u m  amplitudes of the   ear th ' s   cur ren t  
f i e l d  (November  1957-May 1959). 
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Fig. 4. Seasonal  variation  of  continuous  pulsations 
(November  1957-May 1959). 

pulsations,   beating-type  pulsations,  and bay-type  disturbances are reli- 
ably  separable  according  to  the  Barentsburg  registrations.  

Continuous  pulsations.  Continuous  pulsations  are  frequently  observed 
i n   t h e  slow recording of earth  currents.   Their  amplitudes l i e  withir, 
t h e  limits of 15-300 mv/km; most frequently  encountered  are  pulsations 
with  amplitudesof 20-70 mv/km. The periods  of  the  continuous  pulsations 
a r e  20-40 sec. From Fig. 4 it can be seen  that   dur ing  the  operat ion of 
the  ear th-current   s ta t ion,   cont inuous  pulsat ions were most often  noted 
i n  February-September (maximum i n   J u n e ) .   I n  1959 t h e i r  number in   Apri l -  
May increased. 

Continuous pulsat ions have a c lear ly   expressed   d iurna l   var ia t ion  
npc 

\ 
GMC h r  

Fig.  5.  Diurnal   var ia t ion o f  the  continuous 
pulsat ions (November  1957-May 1959). 



(Fig.  5 ) .  They appear  mainly  during  the f irst  ha l f  of t h e  day  with  the 
maximum a t  O7OO- l2OO h r .  

Bay-type  pulsattons are observed i n   t h e  slow recording of ear th   cur ren ts .  
They are seldom  encountered,  and p r i n c i p a l l y   i n   t h e  f i rs t  half   of   the  
day in   the   per iod  of 2300-0900 hr Greenwich time. On the  high-speed 
recordings  they  are accompanied  by pulsations  of  irregular  shape  with 
periods of 5-20 sec. 

Beat-type  pulsations  (pearls)  are per iodical ly   observed  in   the  rapid 
recording  of   the  ear th   currents  a t  Barentsburg.  These are pulsations 
with 1-5 sec  periods of regular  sinusoidal  form. From Fig. 6 it can 
be  seen tha t   t he   bea t s   w i th  a longer  period (3-5 sec)   occur   in   the  f irst  
half of t h e  day  from 0300-1300 h r ;   t h e i r  m a x i m u m  occurs a t  0800-0900 
hr .  Beats with  periods  of 1-2 sec 'are encountered  principally a t  0700- 
1100 and l 7 O O - O l O O  h r  (Greenwich time). 

" I  
6 
4 

2 

C 

Fig.  6. Diurnal   var ia t ion of beat-type  pulsations 
(Pearls) with  periods  of 1-5' ( a ) ,  3-5s (b) ,  O.7-ps (e )  
(October 1957-May 1959). 
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The data presented  on  the SPP and the  disturbances of the   ear th-  
cu r ren t   f i e ld   a r e   t he  f i rs t  r e s u l t s  of the   ana lys i s  of observation 
materials  obtained  during  the  entire  operation  period of the  Barentsburg 
s t a t ion .   In   t he   fu tu re  it i s  intended  that   the  obtained  material  w i l l  
be used to   s tudy   t he   pecu l i a r i t i e s  of the  behavior  of  the  earth  currents 
and the SPP of the  e lectromagnet ic   f ie ld  of t he   ea r th   i n   t he   Arc t i c  and 
Antarctic  regions.  
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M. GIGANTIC  PlTLSATIONS IN T9E SOVlET  ARCTIC 
DURING THE 1935-1956 PERIOD 

E. P. Zubareva,  G. I. Korobkova, N. M. Nikitina  and V. A. Troitskaya 

Gigantic  pulsations  are  short-period  pulsations of the  earth's 
magnetic  field,  typical  apparently  only  for  the  region  bordering  the 
zone  of'polar  aurorae.  This  characteristic  peculiarity  of  the  geograph- 
ic  distribution  of  the  gigantic  pulsations  (GP)  allows US to  assume  that 
the  mechanism  of  excitation  of  these  pulsations  differs  substantially 
from  the  excitation  mechanism of other  short-period  pulsations,  for 
example,  that  of  the  pt  and pc types  (as  known,  both  of  these  types of 
pulsation  are  usually  observable  simultaneously  over  a  vast  territory). 
The  study  of  GP  is  necessary,  additionally,  because  in  these  pulsations 
are  reflected  processes  tha-t  are  typical  of  the  most  interesting  and 
active  (from  the  point  of  view of electromagnetic  processes)  polar 
region, of the  upper  layers  of  the  atmosphere. 

The  regularities of the  excitation  of  GP  were  studied  chiefly  on 
the  basis  of  recordings  of  the  magnetic field at  stations  situated  in 
the  northern  part  of  the  Scandinavian  peninsula  (Refs. 1-4). In the 
Soviet  zone  of  the  Arctic  region,  GP  were  not  specially  studied.  In 
study  of  all  the  types  of SPP in  the  Arctic  region,  they  were  combined 
into  one  group  with  complex  harmonic  pulsations (Ref. 5 ) ,  and  general 
regularities  were  derived  for  them. 

The  data  set  forth  below  were  obtained  as  a  result  of  the  analysis 
of standard  recordings  of  the  magnetic  field  at  the  observatories  of  the 
Arctic  and  Antarctic  Scientific  Research  Institute  of  the  Main  Admini- 
stration  of  the  Northern  Sea  Route (AANII). These  data  are  in  basic 
agreement  with  the  characteristics  of GP (diurnal  and  seasonal  varia- 
tions,  distribution  according  to  amplitude  and  period,  etc.)  presented 
in  the works (Refs. 1-5). 

A very  interesting  result  of  the  investigation  is  the  fact  that 
the  propagation of GP,  evidently  is  restricted  not  only  southwards  of 
the  polar aurordzone but  also  northwards of it.  Thus,  not  one  case  of 
the  excitation of typical  intensive  gigantic  pulsations  was  observed  in 
Tikhaya  Bay  for 20 years.  Recordings  of  the  magnetic  field  on  the 
drifting  stations  SP-6  and SP-7 for 1956-1957, and  also  for  the  first 
3 months  of 1939 also  attest  to  the  absence  of  GP  in  the  highest  lati- 
tudes.  The  research  results  indicate  that  one of the  basic  requirements 
of  the  theory  set  forth  in  (Ref. 6), the  simultaneous  zonal  excitation 
of  GP,  is  valid  .only  in  individual  cases.  Nevertheless  such  cases  exist, 
and  this  indicates  that  the  excitation  of  GP  can  arise  simultaneously  in 
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an interval   of   longi tudes  greater   than 1000. 

I n i t i a l  Data 

The research was carr ied  out  on the   bas i s  of standard magnetograms 
with a recording  ra te  of 20 mm/hr, which  were obtained a t  d i f f e ren t  
periods between 1934 and 1956 a t  AANII s ta t ions  and the   po lar   s ta t ions  
of t h e  Main Administration of the  Northern Sea  Route. Data from the  
following  stations were  used for the   ana lys i s :  Dixon, Wellen, Matoch- 
kin  Shar,  Tiksi,  Chelyuskin  and  Tikhaya Bay. Table 1 shows the  years  
i n  which gigant ic   pulsat ions were observed a t  t he   s t a t ions  enumerated 
above  (even i f  only one case),  and the   yea r s   i n  which they were absent. 

Table 1 

Gigantic  Pulsations i n  the  Soviet  Arctic Region 
. 

Sta t ion  
~~ 

Years 
" "  . ~ 

.. . . I . ~~ 

Dixon....... + + + + + + + + + + - + + - - - - - - + + - - - 
Matochkin 

Chelyuskin.. - + + - + - - - - - + + + - - - - - + - - - +  
Weiien.. . . . . - + + + + + + + + - + + + " " " -  + + -  
Tiksi . . . .  ... + " " "  - - - + +  
Tikhaya ..... 
+ indicates  the  presence of GP; - indicates  the  absence of GP; a blank 
indicates  the  absence of recordings f o r  that   year .  

~~ ~ 

Shar... .  - + -  + + + - - + " " " - - " -  + + -  

" " " " " " _ " " " " " "  
"" ~ ____- " ~ 

It must be emphasized that   only  the most typical   cases  were 
studied. 

Fig.  1 shows the  case of a gigant ic   pulsat ion  regis tered s i m u l -  
taneously  a t . two  observator ies  - Dixon and  Matochkin  Shar - on 16 April  
1939. I n   t h e   a r t i c l e  ( R e f .  7 ) ,  a rare   case i s  presented  of  the sirnul" 
taneous  recording  of GP (6  April  1959) i n   t h e  magnetic f i e l d  and i n   t h e  
e a r t h - c w r e n t   f i e l d  a t  a recording  ra te  of 20 mm/hr and the  simultaneous 
recording  of  the same pulsat ion a t  the  high-speed rate (90 mm/hr). 



Fig. 1. Example  of  a  gigantic  pulsation  registered 
simultaneously  at  the  Dixon (a) and  Matochkin  Shar 
(b)  stations  on 16 April 1939. 

Basic  Results 

In  the  period  studied,  the  greatest  number  of  cases  of  gigantic 
pulsations  were  registered  at  the  Dixon  and  Wellen  stations  (the  geo- 
magnetic  latitude  for  Dixon  is 63O and  for  Wellen  is 61.8O)]-. Analysis 
showed  that  the  most  probable  periods for GP are 60 and 90 sec.  This 
was  also  confirmed  by  recordings at other  stations. A large  part of the 
spectra of the  periods  at  the  Dixon  station  (Fig. 2) may  be  regarded  as 
a  series  of  harmonics  with  the  lowest  period  equal  to 60 see  (the 
values  at 60, 90, 120 and 180 see  stand  out  on  the  graph).  In  addition 
to the 60 and 90 see  periods,  other  periods  are  also  characteristic  for 
the  Wellen  station,  in  particular T - 45 see.  Periods  of 75 and 135 
sec  are  characteristic  for  a  number  of  stations. 

The  data  obtained  indicate  that  GP  possibly  have  one or two 
fundamental  periods,  various  harmonics of which  are  observable  at 
specific  stations  depending on local  conditions  (Ref. 5). Their  ampli- 
tudes  usually  fluctuate  within  the  limits  of  several  gamma  to  several 
tens of gamma.  They  attain  their  greatest  values  principally  in  the 
horizontal  component. 

A characteristic  peculiarity of Wellen  is  the  presence in the  record- 
ings  of  a  large  number  of  regular,  small-period  sinusoidal  pulsations 
which  we  classed  with GP. 
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a b 
Fig. 2.  Distribution  of  gigantic  pulsations  by 
period  at  the  Dixon  (a)  and  Wellen  (b)  stations. 

Diurnal  Variation  of  GP 

In  Fig. 3 is  presented  the  diurnal  variation  of  GP  for  the Wel- 
len,  Dixon  and  Matochkin  Shar  stations  according  to  local  time. As the 
graphs  indicate,  at  the  Dixon  and  Wellen  stations GP arise  principally 
during  the  first  half  of  the  day.  The  distribution  of  GP  at  these 
stations  according  to  universal  time  shows  their  tendency  to  be  excited 
principally  from 2000-2200 to 0400-0600 hr. 

Seasonal  Variation  of GP 

The  seasonal  distribution of GP  is  presented  in  Fig. 4. The 
graph  for  Dixon  (Fig. ha) shows  a  clear  growth  in  the  number  of  cases 
of  GP  during  the  equinoxes,  which  is  in  complete  agreement  with  the 
data  obtained  for  Scandinavia. 

At  the  Wellen  station  (Fig.  4b)  the  distribution  is  less  indic- 
ative. It is  possible  that  the  inclusion  of  small-period  sinusoidal 
pulsations  in  the  statistics  influenced  the  shape of the  curve. 

Therefore  it  is  very  probable  that  the  distribution  reflected 
the  excitation  regularities  of  two  different  types  of  pulsation. 

A conception  of  the  distribution  of  typical  gigantic  pulsations 
according  years  for  the  investigated  period.  may  be  obtained  from 
Te.ble 1 . 
Geographic  Distribution  of  GP 

For  theoretical  study  of  the  excitation  mechanism  of  GP,  it  is 
important to know  the  regularities  of  the  geographical  distribution of 



Table 2 

Cases of the  .yimtLLtaneous  Excitation of Gigantic  Pulsations 
at  Several  Polar  and  Middle-Latitude  Stations 

Greenwich Amplitude,  gamma 
Station Per - T W  Long. Lat.N. 

Begin- D iod End 
ning see 

~~ -~ -~ l z  ~ ~ ~ 

Maytun 

Srednikan 53 12 
161 30 63 00 Dixon 

0330 210 30 

23 70 3100 61 48 Wellen 
0350 

1 3330 198018 32'24 

Maytun 

12 00 63 42 Sodankyulya 
161 30 63 00 Dixon 
ll9 36 46 54 Nizhnedevitsk 
210 30 53 12 Srednikan 
198018 32O24 ' 0000 

0 200 
0200 
0115 
0207 

Srednikan 

146 30 0800 Matochkin  Shar 64 48 
0300 161 30 63 QO Dixon 
0800 ll9 36 46 44 Nizhnedevitsk 
0830 210030~ 

Maytun 

61 48 Wellen 
161 30 63 00 Dixon 
198O18 32O 24 

146 30 Matochkin  Shar 164 48 
23 70 

Maytun 32O 24 198O18 
Srednikan 53 12 210 30 
Nizhnedevitsk 

146 30 64 48 Matochkin  Shar 
161 30 63 00 Dixon 
ll9 36 46 54 

Exact  spelling i s  in doubt I 
literated. 

0200 
0 250 
0000 
0410 

0000 
0000 
0400 
0400 
0500 

0600 60 " 
" 1.1 

0600 60 

-- 1.6 0.8 60 0200 
-- 10.4 4 60 0600 
-- 2.8-2.9 " 

18 April 1938 . I  

0700 

loo 0600 
0.5 I 2.8 I -- 100 0500 
" 1.3 -- 100 

weak  trace 
0330 135 
0525 113 
23 1938 
0930 150 
0900 weak  trace 
0400 

27 July 1938 
130 11.5 1 21.3 114.0 0900 

5 10.4 5.3 l5O 

-- 14.2 90 4.4 0530 
5.2 2.7 1.1 72 0100 
10.6 20.8 10.8  108 0500 
" 

" 1.2 120 0800 

16 April 1939 , 
0700 weak  trace 
0700 100 -- I 2.9 I --  
0700 weak  trace 
0700 120 18 26 11 

" I 2.8-2.9 I -- 

0730 11.2 I 17.5 I 6.0 180 

A s  given  here,  it i s  simply  trans- 
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R b LAIT, hr 

Fig. 3. Diurnal  variation  of  gigantic  pulsations 
according  to  local  time  at  the  Dixon (a), Wellen 
(b),  and  Matochkin  Shar (e) stations. 

GP  and,  above  all,  the  characteristics  of  their  zonal  excitation.  The 
data  available  from  a  number of stations  allowed  the  problem  of  the 
excitation  of  GP  over  a  large  latitudinal  interval  to  be  examined for 
the  first  time. 

Comparison of all  the  cases  observed  showed  that,  with  the 
existing  recording  parameters,  GP  are  observable  simultaneously  at  sev- 
eral  stations  only  in  a small number  of  cases  (Tables 2 and 3). Never- 
theless  a  number  of  GP  were  registered  simultaneously  at  Dixon  and 
Wellen,  i.  e.  in  a  latitudinal  interval  of  about 110'. It is  very  prob- 
able  that  to  study  the  geographical  distribution  of GP, the  recording 
parameters  must  be  brought  into  special  agreement  with  previous 
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Table 3 

Gigantic  Pulsations  Registered  Simultaneously  and  at  Various 
Hours at  Several  Polar  Stations 

Station 

c 

Dixon 

Matochkin 
Shar 

Dixon 

Wellen 

Dixon 

Matochkin 
Shar 

Wellen 

Dixon 

Matochkin 
Shar 

Dixon 

Matochkin 
Shar 

I 
, 

me 

- 
A 

A 

B 

A 

A 

B 

A 

A 

A 

B 

B 

rime, GMT 

3egin. 

20 30 

2100 

0 350 

0100 

0 300 

0800 

0 250 

0410 

0000 

0 400 

0500 

End 

223c 

221c 

060c 

0200 

0 400 

0900 

0500 

05 30 

0100 

0700 

07 30 

Original  text  has  in hours and  minutes 
brevity. 

A 

-. 

" 

) 

I 

I 

I 

. . .. 

Duratjton 
min 

80 

70 

130 

60 

60 

60 

130 

80 

60 

180 

1-50 

Period 
see 

90 

90 

60 

60 

1-50 

1.30 

~ 0 8  

90 

72 

L 20 

180 

D 
H 
Z 

D 
- 

D 

D 
H 
Z 
D 
H 
Z 
D 
H 
Z 

D 
B 
E 
D 
K 
6 
D 
9 
z, 

1 
-I 
5 
1 
I 
z 
D 
H 
z 

Amplitude, 
gama 

4 

1.65 

4.0 
10.4 

0.8 
1.6 

5 
10.4 
5.3 

11.1 

14.0 

-- 

" 

21.3 

10.8 
20.8 
10.6 
4.4 
14.2 
15.0 

1.1 
2.7 
5.2 
18 
26 
11 

11 ' 2  
1-7 - 5  
6.0 

Converted  to  minutes  for 
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a b 
Fig. 4. Seasonal  variation  of  GP  at  the  Dixon  (a) 
and  Wellen (b) stations. 

consideration  of  the  distribution  of  GP  according  to  amplitude  at  the 
various  stations. 

It is interesting  to  note  that  frequently  GP  are  observed  at 
various  stations  on  adjacent  days  at  about  the  same  time.  Sometimes 
the  excitation  of  GP  occurs on  a  certain  day  at  different  but  close 
hours,  at  different  stations. In this  connection in  a  majority  of  cases 
they  first  appear  at  the  easternmost  station  and  later  at  a  more  western 
station.  (Ref. 5) 

All of  the  examined  cases  confirm  the  conclusion  that  GP  are 
a  disturbance  of  the earth’s electromagnetic  field,  typical  for  the 
polar  auroral  zone  and  rapidly  alternating  to  the south and  to  the  north 
of  it. 

The  obtained  distribution  of  GP  by  period  may  be  interpreted 
as a  confirmation  of  the  existence  of  a  fundamental  period  for  this 
type  of  pulsations  (Ref. 6). The  analysis  carried  out  allowed  cases  of 
GP excitation  to  be  observed  over  a  large  latitudinal  interval  (about 
100’). However,  these  cases  are  rare  and  the  problem of the  peculiar- 
ities  of  the  zonal  excitation  of  GP  apparently  requires  special  observ- 
ations. 
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X. ON THE N0NPERPENDICULP;RITy OF TBE E AND H VARIATION VECTORS OF 
THE EI;ECTROMAGNETIC FIELD OF THE EARTH 

by 0. M. Barsukov  and K. Yu . Zybin 

Study  of  the  t ime  variations  in  the  direction of the  components 
of t he  earth’s e lec t romagnet ic   f ie ld  i s  closely  connected w i t h  the ques- 
t i o n  of the   geologica l   s t ruc ture  of the   reg ion   in  which observations are  
being  conducted. Earlier (Refs. 1, 2) it was shown that the   hor izonta l  
component of t h e   e l e c t r i c a l   f i e l d   s t r e n g t h  E has a predominant  direction 
of pu l sa t ions   t ha t  i s  stable a t  each  observation  point. During a 24- 
hour  period this direct ion  has  a diurnal   course  that  i s  d e f i n i t e  for the  
given  point,   but i s  d i f fe ren t   for   observa t ion   po in ts   loca ted   re la t ive ly  
close  together.  

On the   o ther  hand, it i s  known t h a t  a port ion of the  short-per iod 
var ia t ions  ar ise   s imultaneously  over   extensive  terr i tor ies ,   preserving 
nevertheless  the  shape of the  pulsations.  Consequently,  the  cause de- 
termining  the  direction of the   pu lsa t ions  and the  form of the   d iurna l  
course of the   d i rec t ions  i s ,  apparently,   the  heterogeneity of t he  geo- 
log ica l   s t ruc ture   a t   the   observa t ion   po in ts .  The nonperpendicularity of 
the   d i rec t ions  of the  horizontal  magnetic and e l e c t r i c a l  components of 
short-per iod  pulsat ions,   that  i s  likewise  observable a t  a nwnber  of 
p o i n t s ,   a t t e s t s   t o   t h i s .  

The vectors  of e l e c t r i c a l   i n t e n s i t y  E and the   vectors  of current 
+ 

densi ty  7 coinc ide   in   d i rec t ion  on the  surface of a homogeneous or hor i -  
zontally  stratif ied  semispace,   while  the  horizontal   magnetic  force  vec- 

t o r  H i s  perpendicular   to  them. Generally,  these  conditions  are  dis- 
turbed on the  surface of a horizontally  heterogeneous  semispace. 

”* 

Let  us examine a horizontally  anisotropicmedium whose conductivi- 
t y  i s  describable  by a tensor  with main axes  of y11,y22, and Y33. Let 

us   select   the   coordinate   axes   x ,   y ,  and z so t h a t   t h e   d i r e c t i o n  of the 
z axis   coincides   with  direct ion of the main tensor axis and the  x 

JJ 

axis i s  inc l ined  

t i v i t y   t e n s o r  i s  

T =  
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L e t  t h e   f i e l d  E on the  surface be po la r i zed   l i nea r ly   i n   t he  ai- 
rec t ion  of x, i .e . ,  Ey = 0; E, = 0. Then we have: 

j x  = E, (rll cos2 cp + ra2 sina cp); 
j u  = E,  (rZ2 sin cp cos cp - rlr sin cp cos cp). 

Zntrodkxing  the  designations a as the  angle  between  and 7, and 

Thus, i n  an anisotropic  semispace  the  directions of j and do not 
- 

in  the  general  case  coincide  with one another;  this  causes  nonperpendi- 

c u l a r i t y  of the  horizontal  components  and F. The diurnal  courses of 

the   d i rec t ions  of and K m a y   f a i l   t o   c o i n c i d e  among themselves even 
with  respect  to  shape,  since  tan Q = f (r),q). 

The difference of the  azimuths of E a n d  7 (or z) may be  estimat- 

ed, knowing q andq--the  angle between t h e   d i r e c t i o n   E a n d   t h e  main con- 

ductivity-tensor  axis Y The m a x i m u m  deviation of the   d i rec t ion  of E 
from the   d i rec t ion  of j a t  a given r)  i s  estimated  from  the  condition 

11 * - 

I n  the  l imit ing  case of r )  - 0,a -, the  magnetic and e l e c t r i c a l  vec- 
tors a r e   p a r a l l e l .  

T l  

2 

Under real   condi t ions  there  can  be more complex  media, 
therefore  the  considerations  set   forth  should be regarded as an approxi- 
mat ion.  

In  order t o  estimate  the  difference of the  azimuths of the 

var ia t ions of  2 and x 24-hour  magnetic and e lec t r ica l   record ings  at the 
Lovozero and Borok s t a t i o n s  were processed.  Electrometric  investigations 
by the  VEZl  method were carried  out at these   s t a t ions   a t   t he  same time. 

expansion unknown 



The predominant  directions of vectors a n d z  and the i r   d iu rna l  
course were  determined f o r  Lovozero  by t h e  method proposed i n   t h e  work 
(Ref. 1) . The magnetic  azimuth of the  predominant  direction of the vec- 

t o r  of the  ear th-current   var ia t ions i s  equa l   t o  67.3O.l The azimuth of 

the  magnetic  variations i s  equal   to  +31.8 which gives a deviation of 

g+l - from  perpendicularity  (Figure 1). Here the  diurnal  course of the 

predominant d i rec t ion  i s  analogous to   the   d iurna l   course  of the  pre- 

dominant d i rec t ion  of F. 

0 

0 

I n  accordance  with  the  formula  for  tan a ,  such  an  angle (a  = 9 ) , 
can  be due to   the  medium w i t h  a r a t i o  of the  chief  anistropy  axes 
amounting t o  7 = 1.4 .  Electrometr ic   invest igat ions  in   the  region of the 
Lovozero s ta t ion  permit ted us t o   i n t e r p r e t  a three-layered  cross-section 

0 

hl = m; p1 = 12OO-15OO ohms-m; 
h2 = m: p2 = 300- 500 ohms rn ; 

P = 0 0 -  3 
Data from circular  investigations  conducted  at  4 points  near  the  elec- 

trode A (electrode B i s  a t  i n f i n i t y ) ,  a t  8 azimuths  through 45 for  each 
point ,  were subjec ted   to   ana lys i s   for   de te rmining   the   e l l ipse  of the 
apparent  specific  resistance.  

0 

A vector  diagram i n  terms of polar  coordinates was constructed 
for   the  f ixed  spacing AO, the  length of the  vector  being  the  apparent 
specif ic   res is tance,  and the  polar  angle p being  the  azimuth of t he   i n -  
s t a l l a t ion .   Le t  us assume tha t   t he  ends of the  vectors are s i t u a t e d  on 
a closed  curve,   an  ell ipse,  w i t h  ce r ta in  random deviations.  The equa- 
t i o n  of the   e l l ipse   in   po lar   coord ina tes ,   wi th   the   po lar   ax is   no t   co in-  
ciding w i t h  the  axis of t h e   e l l i p s e  a for the  angle 8 has  the  form: 

1 cos2 (p - 6) sin2 (p - 6) 
P2 
" - a!! + b2 

Subst i tut ing 

I n   t h e  work (Ref. 1) the  azimuth of E f o r  Lovozero w a s  determined w i t h  
a constant  error  caused  by  the  inaccurately  determined  parameters of 
t he   i n s t a l l a t ion .  
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it i s  not   d i f f icu l t   to   ob ta in   the   express ion  

- = (a: Cos* 6 + 6; sins 6) + sin* Pcos 26 (6: - a;) + sin 2i3 sin 28 (0: - b;), 
VhiGh after  simple  transformations i s  reduced t o   t h e  form 

y = BO + BIZ + &, 
where i Y=p; x = sin2p; z = sin 2p; 

. Bo:= a; cos2 8 + 6; sin 8;  

B1 = (6: - a;) COS 2 8 

B2 = (Q: - b;) sin 8 .  cos 8.  

Assuming t h a t   t h e  azimuth p w a s  measured  without  error,  and  that 
the deviations of the  ends of the  vectors  f rom the   e l l ipse   took   p lace  

N 

Figure 1. El l ipse  of anisotropy  and  the  predominant d i -  
rec t ions  of E and H a t   t h e  Lovozero s t a t i o n ,  

a s  a r e s u l t  of random e r ro r s   i n   t he  measurement of p, the  values of B 

B1, and B2 can  be  determined by the  least   squares  methods (Ref. 3) with 

t h e   a i d  of determinants. 

0’ 



I 

I 

where n is the  number of azimuths. 

Thus, we f i n a l l y   o b t a i n :  
(1% . B o + B 1 - B ~ t g b  B 
b?= ' & + B ~ t g &  ' tg28= -2& 

where 8 i s  the  angle of the   inc l ina t ion  of ax is  a of t h e   e l l i p s e   i n   t h e  
d i rec t ion  of B = 0. 

Figure 1 shows t h e  computed an iso t ropy   e l l ipse .  The points  re- 
present  the  values of the  measured P. 

A s  a resu l t  of processing of the  resul ts  of t he   c i r cu la r   i nves t i -  
gations  by  the method set f o r t h  above,   the   e l l ipse axis r a t i o s  a/b  and 
the  angles8were  obtained  (for  each 8 spacings a t   a l l  4 observation 
po in t s ) .  

Analysis  of  these  data  indicates  the  following. 

1. The angles 8 change sha rp ly   bo th   i n   t he   t r ans i t i on  from  one 
point   to   another ,  and in   t he   t r ans i t i on   f rom one f ixed  spacing  to   an-  
o ther .  

2. With a f ixed   spac ing ,   the   e l l ipse   ax is   ra t ios   for  a l l  obser- 
vat ion  points  change within  the limits of 15-20 percent.  

3. A t  a l l  observation  points when the  spacing A0 = 110 m, t he  
g rea t e s t   e l l i p se  axis r a t i o  i s  observed, it being  equal  to  1.25-1.56. 
Further  increase of the   spac ing   d id   no t   subs tan t ia l ly  change t h i s   r a t i o .  

Such anisotropy, i n  accordance w i t h  the formula  for  tan a, pro- 

v i d e s   f o r  a deviat ion of t he   d i r ec t ion  of J from  the  direction of a t  a 

maximum angle of  6-12 . v 

The azimuths of t he  predominant  directions of t he   va r i a t ion  
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vectors and F, equal   respect ively  to  +57.1 and  -35.2  (Figure  2)  have 
been  determined a t  the Borok s t a t i o n .  The diurnal  course of the   d i rec-  
t i o n  of the   var ia t ions  of the  horizontal  magnetic  vector w a s  obtained  by 
two d i f f e r e n t  methods. 

0 0 

t 

Figure 2. Predominant  directions of E1 and a t  the 
Borok s t a t i o n .  

1. According t o   t h e  maximum hourly  amplitudes. The values of 
the maximum recording  amplitude  (in gammas) were taken  from  the magneto- 
grams f o r  each  hour  separately  for  the components H and H . The r a t i o s  

X Y 

of these  values were  averaged f o r  a l l  days f o r  a given  hour. I n  Figure 

3a the  values of the  angles,  computed as the  arc   tan ($ = E - 8, where 
H 2 

Y 
8 is the  magnetic  azimuth,  are  plotted on the  ordinate   axis ;  Greenwich 
time (GMP) i s  p l o t t e d  on the  abscissa   axis .  

2.  According to   t he   d i r ec t ions  of the  large  axes of t he   e l l i p ses  
of polarization  (Ref.  4 ) .  For each  hour of observation,  diagrams were 
constructed of the  behavior of the  horizontal   vector  of the   var ia t ions  
f o r  one or severa l   charac te r i s t ic   pu lsa t ions   wi th  a period of from 2 t o  
10 minutes. The obtained  vector  diagrams were  approximated as e l l i p s e s .  
The direct ions of the  large  axes of t h e   e l l i p s e s  were taken as the   d i rec-  

t ions  of the  pulsations of r. The azimuths of these  direct ions,  0 ,  were 
averaged f o r  a l l  the  days  for  a given  hour.  (Figure 3's) .  

The diurnal  course of the  ciirections of the   var ia t ions  of the 

e l ec t r i ca l   vec to r  E was obtained  according  to  the maximum hourly  ampli- 
tude  (Figure  3c). 



Electrometric  investlgatlons by the   c ross  VEZ method i n   t h e  
region of the  Borok s ta t ion   permi t ted  .a three-layered  cross-section tcj 
be  interpreted:  

hl = 10 m; 
h2 = 30 m; 

P 1  = 180 ohms-m; 
pg = 45 ohms-m; 
p3 = 11 ohms-m. 

No horizontal   anisotropy w a s  observed. 

As can  be  seen  from  Figures 2 and 3, the  predominant  direction of 

the   var ia t ion   vec tors  and H di f fe r   by  90 within  the limits of e r ro r  
(evaluation of t h e   r e l i a b i l i t y  i s  presented  below). The perpendiculari-  

t y  of E a n d z  i s  preserved  in   the  diurnal   course of the   d i rec t ions  of 
both  vectors.  It should  be  noted  that  the  well-expressed  diurnal  cours- 
es of the   direct ions  coincide  with one another   in   sp i te  of t'ne f a c t   t h a t  
they were obta ined   by   subs tan t ia l ly   d i f fe ren t  methods. 

0 

Since  neither  the  deviation  from  perpendicularity  nor  the  argpli- 
tudes of the   diurnal   courses   exceed  several   degrees ,   the   re l iabi l i ty  of 
the   resu l t s   p resented  w a s  evaluated  according t o  t he  method of confi-  
dence intervals   (Ref .  5 )  . 

As was indicated  ear l ier ,   the   angle   determinable   by  the  expres-  
sion  following i s  taken as the  value which character izes   the  direct ion 
of the  pulsat ions of the  magnet ic   var ia t ion  vector   for  a given  hour: 

where n i s  the  number of aays  considered  in  the  analysis,  and i i s  the  
number of the  hour.  Let  us  suppose  that  the  deviation of t h e   r a t i o s  
"x/% from  the  average i s  random, and t h a t   t h e  measured r a t i o s   a r e  of 

equal  accuracy. One can f i n d   t h e   i n t e r v a l  I, which  includes  the  values 
of the   t rue  tangent   with a d e f i n i t e   p r o b a b i l i t y   ( r e l i a b i l i t y )  of P. 

where c i s  determined  f rom  Student 's   t -dis t r ibut ion  tables  on the bas i s  
of g iven   r e l i ab i l i t y  P and the  number of degrees of freedom k = n - 1, 
and the estimate for the   s tandard of e r r o r  is:  
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Figure 3. Diurnal  course of azimuths a t  the  Borok s t a t ion .  

a - H according  to  maximum apl i tudes;  b - H according t o  
the  large  axes of the   po lar iza t ion   e l l ipses ;  c - E according 
t o  maximum amplitudes. 

The r e l i a b i l i t y  of the  value of the  azimuth of e l e c t r i c a l   v a r i a t i o n s  was 
estimated  in  an  analogous manner. 

A t  a high  probabi l i ty ,   equal  t o  99 per  cent, '   the  deviation of the  
azimuth from the  average  value for the   en t i re   t ime  in te rva l   involved   in  

the analysis  does  not  exceed +1 e i t h e r  for o r  for z. Thus the  pre-  

dominant d i rec t ions  of the  azimuths of a n d x  have a s table   character .  
The angle  between  the  vectors of the   var ia t ions  of E and H at the  Borok 

s t a t i o n  was equal  to  92.3 + 2 O ,  and w a s  equa l   to  -99.1 + 2 a t   t h e  Lovo - 
zero  s ta t ion.  

0 
- 

0 - - 

I n   a d d i t i o n   t o   t h i s ,  an estimate of r e l i a b i l i t y  f o r  the Borok 
s t a t i o n  w a s  a l so  made for each  hourly  value of the  diurnal  course of the  
azimuths. A t  a h igh   probabi l i ty ,   equa l   to  99 per   cent ,   the   deviat ion of 
the  azimuths from the  average for a given  hour  does  not  exceed + - 40 
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either  for y . o r  for F. The  amplitude  of  the  diurnal  course  of  the  direc - 
tions, on the  other  hand,  attains X) . 0 

Thus,  investigations  at  the  Lovozero and Borok  stations  indicate 
that  the  nonperpendicularity of the  variation  vectors  of E and H can  be 
explained by electrical  heterogeneity  (anisotropy) of the  rocks  at  some 
depth  under  the  surface  at  the  observation  points. 
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X I .  BEAT-TYPE PULSATIONS  (PEAFUS) I N  THE EAR'IB'S 
EI;ECTROMAGNEYIC FIELD ( T  -1-4 sec) 

by V. A. Troitskaya 

Beat-type  pulsations  with  periods  in  the  order of 1-4 sec com- 
p r i s e  a character is t ic   small -per iod  c lass  of disturbances of t h e   e a r t h ' s  
e lectromagnet ic   f ie ld .  These pulsat ions  can  ar ise   both  in   the form of 
individual   bursts   with a duration of 1-2 min,  and i n   t h e  form  of  long 
( tens  of minutes)  series  of  pulsations.  A s e r i e s  of beat-type  pulsa- 
tions  resemble a s t r i n g  of pear l s ,  hence they  are  called  "pearls"  (Fig- 
ure 1). 

The f i r s t   d a t a  on these  pulsat ions were obtained on the   bas i s  of 
earth-current  recordings a t  two Central   Asian  s ta t ions  in  1952-1953. To 
the  extent of the  author 's  knowledge, no systematic  study of the   bea t -  
type  pulsations  with  periods of 1-4  sec on the   bas i s  of recordings of 
the  magnetic f i e l d  has  been  carried  out.  This i s  explained  principally 

by  the  fact   that   their   ampli tude i s  very small (as a rule,  thousandths, 
hundredths  and  tenths of a gamma a t  the   var ious   s ta t ions) ,  and cases of 
exc i t a t ion   a r e   r e l a t ive ly   r a r e .  The systematic  study of pear l s  a t  an 
extensive  network of s t a t i o n s  began  during  the IGY.  

1 

Beat-type  pulsations  are  registered  both on quiet  and on dis turb-  
ed  days.  Furthermore,  during  large  magnetic  storms  pearls  are as a r u l e  
observable  simultaneously  over a vas t   t e r r i to ry   inc luding   the   Arc t ic ,  
the  middle-latitude,  and  the  Antarctic  regions. On quiet  days  the  size 
of t h e   t e r r i t o r y   i n  which these  pulsations  are  simultaneously  observable 
may vmy. Sometimes a splash of beat-type  pulsations i s  observed  simul- 
taneously  only a t  a number of Arct ic   s ta t ions,  and  sometimes simultan- 
eously  in  the  Arctic  region,  the  middle  lat i tudes,  and  even i n  Antarc- 
t i c a .   I n  some cases  the  pulsations  are  observable  only a t  one s t a t i o n  
but can also  be  traced a t  some specif ic  group of middle-latitude or 
polar   s ta t ions .  

The study of beat-type  pulsations i s  of grea t   in te res t ,   s ince  a l -  
ready i n   t h e   v e r y   i n i t i a l   s t a g e  of the i r   inves t iga t ion  a d i r e c t   r e l a -  
t ionship was observed  between the i r   exc i ta t ion   in   the   course  of magnetic 
storms  and the  occurrence of phenomena in   t he  upper  atmosphere.  Thus, 
i n   t h e   l a r g e s t  magnetic  storms  the emergence of a ser ies  of pear ls  of 

The amplitude  of  the  beat-type  pulsations  in  the  earth's  magnetic 
f i e l d  w a s  estimated on the   bas i s  of individual  cases of their   s imul-  
taneous  recording a t  ear th-cur ren t   ins ta l la t ions  (24-hour  recordings) 
and a t  highly  sensit ive  f luxometric  installations  designed  by A. G. 
Kalashnikov of (s l iding  recording) .  



C 

Figure 1. Examples of pearl-type  pulsations. 
a - typical   bursts  of pulsations (Hayes Island, x) February 1958); b - a series 
of pulsations ( Alma-Ata);  c - pearls  during a magnetic  storm  (Ashkhabad). 
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differ ing  per iods  precedes  or  accompanies the  propagation of polar  aur- 
orae  into  the low l a t i t u d e s ,  as well as a sharp  drop i n   t h e   c r i t i c a l  
frequencies of the F2 layer ,   d i f fuseness ,  and  sometimes periods of com- 
plete  absorption  in  the  ionosphere  (Ref.  1). 

I n  a number of cases,   there w a s  noted a coincidence of the  exci-  
t a t i o n  of pearl-type  pulsations  in  the  course of  magnetic  storms  with 

splashes of roentgen  radiat ion  in   the  s t ra tosphere.  1 

The study of the  geographic  distribution of these  pulsations and 
t h e i r  dependence on local   t ime compels  one t o  assume tha t   ' r egu la r i t i e s  
of the   exc i ta t ion  of p e a r l s  are influenced  both by  world  time  and  by 
universal  time.  Their  source  has,  apparently,  an  extra-ionospheric 
or ig in .  

Prel iminary  resul ts  of the  research  indicate   that   the   condi t ions 
of exci ta t ion of pear ls   in   the  Arct ic   region and i n   t h e  middle l a t i t u d e s  
vary somewhat. In   the  Arct ic   region  individual   splashes of pulsat ions 
pr incipal ly   with a large  per iod (4-6 see) are noted,  whereas i n   t h e  mid- 
dle   l a t i tudes   long   se r ies  of pulsations  with a smaller  period (2-4 sec) 
are frequently  observed.  In  the  case of simultaneous  excitation,  the 
period of these  pulsat ions  in   the  polar   caps and i n   t h e  middle l a t i t u d e s  
a re  as a ru l e   i den t i ca l .  

I n i t i a l  Data 

Study  of  the  beat-type  pulsations  during  the IGY was car r ied  out, 
on the basis of ultrahigh-speed  round-the-clock  recordings of e a r t h  
currents  with a r a t e  of 30 m/min. The basic   technical   specif icat ions 
of t hese   i n s t a l l a t ions  are presented   in   the  works (Refs. 2, 3 ) .  Such 
i n s t a l l a t i o n s  were set up a t  t h e   e n t i r e  network  of earth-current sta- 
t i o n s  of the  Soviet  Union, including  the  Arctic and Antarctic  regions 
(see  Table) . 

The recordings  from two Central   Asian  stations (Alma-Ata G a r m )  
f o r  1952-1953 and  from  Yuzhno-Sakhalinsk f o r   t h e  f i rs t  half of Septem- 
ber 1952 were also  used  in   the  research.  It should  be  noted  that  the 
coarsening of i n s t a l l a t ion   s ens i t i v i ty ,   e f f ec t ed  from  time t o  time a t  
some of t h e   s t a t i o n s ,   r e s u l t e d   i n   t h e  loss of a number of instances of 
beats .  

1 I 
There  has  recently  been  noted a coincidence of the moments of a r r i v a l  
in   the   s t ra tosphere  of protons  with  energies of 10-100 mev, generated 
during  violent   solar   erupt ions,   wi th  momen-tsof the  exci ta t ion of typ- 
i c a l   p e a r l s   i n   t h e   p o l a r   l a t i t u d e s .  
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Figure 2. Distribution of pearls  according  to hours of 
the day, months and year for the   s ta t ions:  
a - Alma-Ata; b - Chelyuskin  (Arctic) ; c - Oazis  (Antmctica) . 
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Table 

S ta t ion  

Hayes I s land  
(Tikhaya Bay) 

Barentsburg 
(Piramida) 

Chelyuskin 
Lovozero 
Oazis 
M i m e  
Borok 
Shatsk 
Petropavlovsk- 
Kamchatski? 

Yuzhno - 
Sakhalinsk 

L ' vov 
Alushta 
Alma -At a 
Ashkhabad 

x- 

Latitude  Longitude 
~~ 

7Oo5b1N. 

74 27 l1 

65 58 l1 

62 45 11 

77 43 s .  
77 00 I t  

52 53 N.  
48 43 l1 

44 24 It  

40 24 
47 00 
40 56 I' 

33 10 
30 36 

156'29 

132 56 

176 24 
127 18 
159 53 
146 30 
123 20 
123 42 

218 14  

204 15 
104 09 
113 36 
151 03 
133 30 

"" 

No . of 
cases of 
pea r l s  

66 

96 

87 
44 

156 
89 
81 
24 

18 

26 
12 
26 
81 
34 

The grea t   d i f fe rence   in   the  number of cases of p e a r l s   r e g i s t e r e d   a t  
the  Mirnyy and  Oazis s t a t i o n s  i s  explained by t h e   f a c t   t h a t  many r e -  
cordings a t  Mirnyy for 1958 were defect ive.  

Processing of high-speed  recordings a t  Petropavlovsk-Kamchatskiy 
w a s  hindered  by  frequent  noise. 

H 

Research  Results 

Description  and  Basic  Characterist ics of Pearls.   Pearl-type  pul-  
sa t ions   cons t i tu te  a splash or a se r i e s  of pulsations  wherein  the same 

period i s  usually  preserved  during a given  exci ta t ion  cycle .  
1 

Character is t ic  of th i s   type  of pu lsa t ion  i s  an  explicit lyexpress- 
ed  amplitude  modulation tha t   f r equen t ly   t unes   t o   bea t s .  A tendency was 

In  the  course of large  magnetic storms, pea r l s  of  one per iod   a re   re -  
placed  by  pearls of another  period,  as a r u l e  a lower one (Ref. 1). 



noted   for  a s e r i e s  of p e a r l s   t o  be repeated on adjacent  days a t  
imately  the same time. The pulsa t ion   per iods insuch  a case may 
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Figure 3. Distr ibut ion of pear l s  by periods for the  
s ta t ions :  a - O a z i s ;  b - Hayes Island; c - ma-Ata ;  
d - Borok; e - Piramida; f - Chelyuskin. 

In   Figure 2 graphs  are  presented which i l lustr 'a te   the  character  
of the   exc i ta t ion  of these  pulsat ions,   their   durat ion,  and t h e i r  dis- 
t r ibut ion  according  to   the  hours  of the  day  and  by months for the   in -  
vest igated  per iod (1957-1958). The d is t r ibu t ions  for 3 s t a t i o n s   a r e  
presented:  middle-latitude (Alma-Ata), Arctic  (Chelyuskin) and  Antarc- 
t i c  ( O a z i s ) .  The graphs  indicate a predominance of short  bursts of 
pulsations i n  the  Arctic  region, a large number of p u l s a t i o n   s e r i e s   i n  
the  middle  lat i tudes,  and a mixed pa t te rn   in   Antarc t ica .  

Pear ls  have a sharply  expressed  spectral   d is t r ibut ion.  Predom- 
inant ly ,   the i r   per i&are   equal   to  1-4  see.  A t  2 Arc t ic   s ta t ions ,  Hayes 
and  Chelyuskin,  pulsations  with a large  per iod (2-4 sec)  predominate. 
Figure 3 shows the   d i s t r ibu t ion  of pear ls   according  to   per iod for the 
Oazis ,  Borok, Aha-Ata, Piramida, Hayes,  and  Chelyuskin s t a t i o n s .  The 
d is t r ibu t ion  of pear l s  by per iod   for   the   o ther   s ta t ions   has  an  analog- 
ous character.  The graphs show that pearls  with  periods  greater  than 
4 sec are very raze  and are noted  chief ly  a t  the   Arc t ic   s ta t ions .  They 
are a l so   found   i n   t he   i n i t i a l   phase  of i n t e r v a l s  of pulsat ions 

1 -  
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diminishing  by  period (PDP = Russian KUP) in   the   course  of magnetic 
storms  (Ref. l), when indiv idua l   burs t s  of pulsations  with  periods of 
7-10 see   a r i se .  On quiet   days,   pear ls   with  per iods  in   excess  of 5 sec 
p r a c t i c a l l y  do not  occur.   Pearls  with  periods of less than  one  second 
occur a t  t imes  in  recordings  both on quiet  days  and on disturbed  ones.  

The p p l i t u d e  of pea r l s   fo r   t he  middle l a t i t u d e   s t a t i o n s  on quie t  
days amounts t o  hundredths  and  tenths of a mil l ivol t   per   ki lometer ,  and 
on days  with storms reaches  several   mill ivolts  per  kilometer.  A t  the  
polar  stations,   the  amplitude of pea r l s  is usua l ly   in   the   o rder  of sev- 
e ra l   mi l l ivo l t s   per   k i lometer .  

On disturbed  days it reaches  ten or even  twenty or t h i r t y   m i l l i -  
vol ts   per   ki lometer .   Several   cases  of bea ts   reg is te red  on a fluxo- 
m e t r i c   i n s t a l l a t i o n   a t   t h e  Borok and  Lovozero s t a t ions  have  indicated 
that   the   ampli tude of these  pulsat ions  in   the  magnet ic   f ie ld  i s  i n   t h e  
order of thousandths and hundredths of a gamma. 

Thus, for   the   s tudy  of these  pulsat ions i n  the  earth's magnetic 
f i e l d   i n   t h e  middle l a t i t u d e s ,   r e g i s t r a t i o n  must be  conducted  with a 
s e n s i t i v i t y  of not less than 0.001 gamm f o r  Z and a t  a r a t e  which per-  
m i t s  t he   s a t i s f ac to ry   r e so lu t ion  of pulsat ion  per iods of 1-4 see ( i .e.  
not less than 20-30 mm/min). Since  cases of exc i ta t ion  of these  pulsa- 
t ions  we  comparat ively  rare ,   only  round-the-clock  regis t ra t ion i s  ex- 
pedient and  not a sliding  recording  graph. 

Diurnal  Course  of  Pearl-Type  Pulsations. The l a rges t  amount of 
data  on pear l - type  pulsat ions a t  our disposal  was from  the Aha-Ata 
s t a t ion .  Round-the-clock  observations a t  a rapid  recording  ra te  (60 and 
30 m/min) were  conducted a t  th i s   s ta t ion   for   severa l   years   before   the  
IGY.  The p e c u l i a r i t i e s  of the  diurnal   course of pear l - type  pulsat ions 
are  most c lear ly   apparent   in   the  dis t r ibut ion  (Figure 4) constructed 
f o r  t h i s   s t a t i o n  on the   bas i s  of mater ia l   obtained  in   the 1952-1953 and 
1957-1958 periods.  

The d i s t r ibu t ion  of p e a r l s   a t   t h e  Ashkhabad station  has  been  pre- 
sen ted   in   the  work (Ref. 4 ) .  The graph  indicates   that   the   pear ls   are  
registered  chiefly  during  the  evening,  night,  and  morning hours of l o c a l  
time. The chief maximum occurs  during  the  interval  from 0300-0700 
hours ,   loca l   t ime.   I f   the   d i s t r ibu t ion  i s  considered  in  terms of uni-  
versal   t ime,   the  chief  maximum occurs  around 0000 hours .   In   the  polar  
reg ions ,   the   d iurna l   d i s t r ibu t ion  of pear ls   manifests   several  maxima. 
The d i f fe rence   in   the   charac te r  of the   d iurna l   d5s t r ibu t ion   in   the   h igh  
and  middle l a t i t u d e s  i s  apparently due to   the   d i f fe rence ,   no ted  above, 
the  form  in  which these  disturbances are manifested at v a r i o u s   l a t i -  
tude s . 

Beat-type  pulsations  frequently  are  registered  simultaneously 



over a ve ry   l a rge   l a t i t ud ina l  and longi tudinal   interval .   In   connect ion 
with  this ,   there   azises   the  quest ion of t h e   p o s s i b i l i t i e s  of world-wide 
exci ta t ion of these  pulsations and of t h e   r e g u l a r i t i e s  of pear l   exc i ta -  
t ion  according  to  universal   t ime. To determine  the  effect  of l o c a l  and 
universal  time on the  exci ta t ion of pear l s ,  a d iurna l   d i s t r ibu t ion  w a s  
constructed for t he   pea r l s   r eg i s t e red   i n   l oca l  and universal  time a t  a l l  
the  s ta t ions.   In   the  general ized  dis t r ibut ion  according  to   universal  
time, the  main maximum occurs a t  l7OO-x)OO hours and two l e s s e r  maxima 
occur a t  OlOO-OX>O and Of%O-O7OO hours. The general ized  local  time dis- 
tribution  manifests a definite  tendency  toward  the  appearance of pear l s  
in  the  pre-midnight and e a r l y  morning hours. 

Seasonal Course of Pea r l s .   I n  examining the  seasonal  course, it 
i s  necessary  to  dist inguish between p e a r l s  which originatein  the  course 
of magnetic  storms and are  elements of pulsat ion  intervals   that   d imin-  
ish by  period  (Ref. l), and  the  pearls which or iginate  on quiet  or 
weakly disturbed  days.  Obviously  the f i r s t  kind,   i .e .   pear ls   regis tered 
during a storm or on the  day  following a storm  (which  happens qui te  
frequently) w i l l  have a seasonal  course  in  comon  with  magnetic  storms, 
with  the m a x i m a  on the  equinoxes. The seasonal  course of pearls  occur- 
r ing  on quiet   days  requires  special   study. 

In   connect ion  with  the  re la t ively small amount  of mater ia l   avai l -  

able  concerning pearls’, the   seasonal   dis t r ibut ion of pear l s  a t  a l l  sta- 
t ions  w a s  generalized  for  the  registered  cases  according  to  the  global 
regions  (Arctic,  middle-lati-tude, and Antarct ic) .  The d is t r ibu t ion  ob- 
tained  indicated tha t  i n   t h e  middle l a t i t udes ,   t he  number of cases of 
pearls  during  the autumn equinox of 1957 increased  sharply. A lower 
f l a t  maximum w a s  disclosed for the  summer s o l s t i c e  and autumn equinox  of 
1958. For the  Arctic  the  generalized  graph showed  two  maxima: i n   t h e  

spring and autumn equinoxes  of 1958. 2 

For the  Antarctic  region, a f l a t  maximum was obtained which i n -  
cludes  the  vernal  equinox of 1958, the  summer sols t ice   (Antarct ic  win- 
t e r ) ,  and the autumn equinox  (the names of the  seasons  are  given  with 
respect  to  the  northern  hemisphere).  

Thus, in  the  obtained  graphs  there w a s  general ly   ref lected a ten-  
dency for p e a r l s   t o   o r i g i n a t e   i n  the course of magnetic  storms.  Study 

In   con t r a s t   t o  pc  and p t  which are reg is te red   p rac t ica l ly   every  day, 
pear ls   belong  to   comparat ively  rare  phenomena. 

It should  be  kept  in mind that the  major i ty  of the  Arctic  stations 
began regular  operations  only a t  the  end of 1957. 



of the   seasonal   d i s t r ibu t ion  would of course  require a large amount of 
material for each  s ta t ion  individual ly ,   especial ly   for   s tudying  the sea- 
sonal  course of pear ls   or iginat ing on quiet  days. 

Geographical  Distribution of Pear ls .  As was already  noted, 
p e a r l s  can arise simultaneously  in a vas t   t e r r i to ry ,   bo th   dur ing   the  
l a r g e s t  magnetic  storms  and on quiet  days.  Cases of the  simultaneous 
exci ta t ion of these   pu lsa t ions   in   the   Arc t ic  and the  &"arctic  regions 
are   ra ther   f requent .   In   the  Table  of the Appendix are  presented  several  
cases of pearl-type  pulsations  observed  in  the  northern and southern 
hemispheres  (within a la rge   longi tudina l   in te rva l ) ,   fo r   d i s turbed  and 
quiet  days.  In  Figure 5 are  presented  recordings of pear l s   reg is te red  
simultaneously a t  a number of s t a t i o n s .  

Relationship of Pear l s  t o  Disturbances of the  Earth 's   Electro-  
magnetic  Field. It has  already  been  stated above tha t   in   the   course  of 
magnetic  storms  intensive  pearls  arise,  the  period of which may diminish 
as the PDP interval  develops  (Ref. 1). A pea r l   s e r i e s   has  a tendency t o  
or iginate  on the day  following a severe  magnetic  storm. 

It has  recently  been  discovered,  although no systematic  study of 
t h i s   has  as yet  been made, t ha t   pea r l s   r eg i s t e red   i n   t he   po la r   l a t i t udes  
can  be  looked upon as the immediate precursors of severe  magnetic  storms 
( f o r  example, t h a t  of 13 J u l y  1959). In  these  cases  the  excitation mo- 
ments of pearls  coincide  with  the moments of the  invasion of cosmic par-  
t ic les   generated  during  solar   erupt ions.  The d i r e c t  comparison of p e a r l  
recordings  with  standard  recordingsof  the  magnetic  and  electrical   f ields 
of the  earth  has  provided no indicat ion as t o  a morphological  relation- 
ship of pearls  (on  comparatively  quiet  days)  with  any known form of 
f ie ld   d i s turbance  (for example, a bay, a t r a i n ,   e t c . ) .  Comparison 
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showed t h a t   i n  one case  the moment of the  emergence of pearls  coincides 
w i t h  an  absolutely  quiet   l ine  of slow recording,  in  another  case,   with 
continuous  pulsation,  (regular or i r r e g u l a r ) ,   i n  a th i rd   case   wi th  a 
t r a i n  or a bay, e t c .  

a 

C 

5 h38 5 h4b” 
”” 
”” 
””” 
”“- 

a 

Figure 5 .  Example of the  simultaneous  excitation of 
pearls  over  an  extensive  terri tory on 26 February 1958. 
a - Yuzhno-Sakhalinsk; b - Hayes Island; c - Chelyuskin; 
d - Borok. 

It should, however, be  noted  that   while  pearls do not   const i tute  
a permanent f ine   s t ruc tu re  of any known individual  form of macroscopic 
disturbance of the ear th’s   magnet ic   f ie ld ,   they are with respec t   to  SPP 
among the basic  elements of t he   l a rges t  of magnetic  storms. 

Conclusion 

A new cha rac t e r i s t i c   c l a s s  of short-period  pulsations of the  
earth’s electromagnetic  f ield,   pulsations of the  beat-type,  known as 
pearls,   has  been  detected a t  an  extensive  network of s t a t ions .  They may 
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or ig ina te  i n  the  form of individual   bursts  of 1-2 min duration, or i n  
the form of s e r i e s  of  pulsations  with a very  s table   per iod  within  the 
s e r i e s  and a duration up t o  an  hour and  sometimes longer. 

The pulsat ions have a sharply  l imited  spectral   d is t r ibut ion of 
from f r a c t i o n s  of a second t o  4-5 seconds. The amplitude of pea r l s   i n  
the   ear th   cur ren ts   var ies   wi th in   the   l imi t s  of from  hundredths t o   t e n t h s  
of a mi l l ivo l t   per   k i lometer   for   the   middle   l a t i tude   s ta t ions  on quiet  
days. On disturbed  days  the  amplitude of pea r l s   i n   t he  middie l a t i t u d e s  
reaches  values of un i t   mi l l ivo l t sper   k i lometer ,  and in  the  polar  regions,  
values of u n i t   m i l l i v o l t s  and tens  of m i l l i v o l t s  per kilometer.   In  the 
magnetic f ie ld ,   the   ampli tudes of pea r l s   a r e   i n   t he   o rde r  of several  
thousandths,  hundredths  and sometimes ten ths  of a gamma ( f o r  Z ) .  These 
pulsations can  have a loca l   charac te r ,  and  can  be excited  simultaneously 
in   the  Arct ic ,   the   Antarct ic ,  and over a g rea t   l ong i tud ina l   i n t e rva l   i n  
the  middle   la t i tudes (more than 123 degrees  longitude). 

Pear ls  are a c h a r a c t e r i s t i c  element of the  macrostructure of mag- 
ne t ic   s torms ,   in   par t icu lar  of pulsation  intervals  diminishing by period 
(PDP) t h a t  are observed  for   the  largest  of magnetic storms. A d i r e c t  
correlation  with  the development  of intensive  dis turbances  in   the upper 
layers  has  been  found  for  pearls of PDP (Ref. 1). On quiet  days,  the 
moment of o r i g i n  of pear l s  i s  not   correlated  with any charac te r i s t ic  
macroscopic  form  of  disturbance  of  the  earth's  electromagnetic  field. 
Study of the i r   re la t ionship   wi th  phenomena in   t he  upper  atmosphere on 
quiet  days  has  only begun. I n  a number of cases it has  been  observed 
t h a t   p e a r l s   i n   t h e   p o l a r   l a t i t u d e s  may be  regarded as immediate precur- 
sors  of  magnetic  storms. 

?"ne exc i ta t ion  of p e a r l s  i s  controlled,   apparently,   both  by  local 
and  by universal  time. On severely  disturbed  days,  control by l o c a l  
time  diminishes and pearls  are  observable  simultaneously  over a vas t  
area.  On normal  days,  control  by  local time r e s u l t s   i n  a diminishing of 
pear l s   dur ing   the   loca l  day  and i n   t h e i r   c l e a r  appearance  during  the 
local  evening,  night  and  early morning hours. It should  be  stressed, 
however, that   cases  of the  simultaneous  excitation of pearls  over  large 
l a t i t u d i n a l  and longi tudinal   intervals  haye  been  noted fo r   qu ie t  days 
as well .  The question on the  simultaneous  excitation of pear l s  on a 
global  scale  requires  special   study. 

In  conclusion,  the  author acknowledges a deep g ra t i t ude   t o   t he  
s c i e n t i f i c  workers who conducted  rapid  regis t ra t ions of ear th   currents  
during  the IGY: N .  M. Niki t ina,  E .  P.  Zubareva, G.  I. Korobkoya, M. V. 
Okhatsimskaya, V.  V.  Kebuladze, A. P .  Bondarenko, V .  G .  Dubrovskiy, I. 
V .  Fe l 'd ,  L.  N .  Baranskiy, N. N .  Naumenkov, B .  V. Bobynin, P. A. 
Vinogravov, Yu. B. Rastrusin,  V.  F. Kononkov, R.  V. Shchepetnov, and 
I. I. Rokityanskiy, and a l so   to   the   sc ien t i f ic   assoc ia tes  of t h e   I n s t i -  
t u t e  of Ter res tor ia l  Magnetism, Ionosphere  and  Radio Wave Propagation 



SIMULTANEOUS EXCITATION OF PEARLS I N  T€B ARCTIC, 
ANTARCTIC AND M I D D U  LATITUDES 

-~ 

Period 
~~ Sta t ion  ( i n   s e e )  Time (GMP) Date 

Quiet  Days 

Barentsburg 
Mirnyy 
Oazis 
Hayes 
Chelyuskin 
I rkutsk  
Borok 
Ashkhabad 
Alma-At a 
Yuzhno -Sakhalinsk 
Borok 
Alushta 
Shatsk 
Chelyuskin 
Lovozero 
Barentsburg 
Alma -At  a 
Barentsburg 
Oazis 
Barentsburg 
Mirnyy 
Oazis 
Lovozero 
Mirnyy 
Oazis 
Barentsburg 
Mirnyy 
Oazis  
Chelyuskin 

Lovozero 
Mirnyy 
Oazis 
L vov 
Ashkhabad 
Alma-Ata 
I rkutsk 

21 Apr 58 
11 11 

I t  I t  

20 Feb 58 
I t  I t  

I t  11 

I I  11 

I t  11 

I I  I t  

11 I t  

1-3 Jun 58 
I t  I I  

I t  11 

I 1  11 

I1 t l  

11  11 

I t  11 

13 J u l  58 

8 Apr 58 
I t  I t  

I t  11 

11 I 1  

16 Sep 58 
I t  11 

11  11 

12 May 58 
lt  11 

I t  11 

11 11 

0908  -0930 
0908-0929 
0908  -0929 
0537~33-0539~33 
0537:39-0539:39 
0537-0539 
0537-0540 

0537~23-0539~23 
0537:15-0539:15 
0242: 30 -0244: 30 
0242:30-0244:30 

0538-0540 

0 242 -0 245 
0242-0244: 52 
0242:  52-0244: 52 
0242:30-0245:30 
0 246 -0 248 
0141-0149 
0140:30-0146 

0417 -0 420 
0 415 -0 427 

0 418 -0 422 
0119-0151 
01x1 -0131 
0115-0147 
0839  -0845 
0832-0843 
0832-0845 
0839-0846 

Disturbed Day 

Petropavlovsk-Kamchatskiy I' I' 

1330 -1331 
1300 -1400 
1300 -1400 
1319 -1.333 
1300 -1400 
1300 -1400 
1300 -1400 
1328-1331 

2 
2 
2 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2 
2 
2 
2 
2 
2 
2 
1.2-1.4 
1.2-1.4 
5 
5 
5 
1.2 
1.2 
1.2 
1.8-2 
2 
1.8-2 
1.8-2 

2.5 
2.5 
2.5 
2.5 
2-2.5 
2.5 
2-2.5 
2.5-3 
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(IzMIRp;N) , V. V. Novysh  and 0. P. Grodnicheva.  The  author  also  thanks 
L. Ya.  Rukin,  technical  associate of the  Institute of the  Physics  of  the 
Earth,  Academy  of  Sciences  USSR, for the  significant  work  carried  out  in 
the  processing of the  recordings. 
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X I I .  ON THE CWACTERISTIC INTERVALS OF THE PULSATIONS 
DIMINISHING BY PERIODS (10-1 sec )  IN THE EARTH'S 

ELECTROMAGNETIC FIELD AND THE323 CONNECTION 
WITH PHENOMENA I N  THE UPPER ATvIOSPHERE 

V. A. Troitskaya and 
M.  V .  Me1 'nikova 

Invest igat ion of round-the-clock  ultrahigh-speed (0 .5  mm/sec) 
recordings of var ia t ions  of the   ear th ' s   e lec t romagnet ic   f ie ld   has  
shown that  short-period  pulsations,  diminishing  by  period (PDP) 
approximately from 10 t o  1 sec (Refs. 1, 2 )  are observable  during 
strong  magnetic  storms. The  moments of the   or iginat ion of t hese   i n t e r -  
vals   coincide  with  the moments of the or iginat ion o f  polar   aurorae  in  
t he  lower l a t i t u d e s ,  and with  the  beginning of s t rong  dis turbances  in  
the  ionosphere accompanied  by a sharp  drop  of  the  cri t ical   frequencies 
of the  F2 layer ,   d i f fuseness ,  or complete  absorption. The material 
studied up to   t he   p re sen t  time leads  to   the  conclusion  zhat   the  PDP 
in t e rva l s  are that  morphological  type of disturbance of t h e   e a r t h ' s  
e lectromagnet ic   f ie ld  which  can  be  used as a c r i t e r i o n  o f  the  begin- 
ning and development  of large-scale  disturbances  in  the  upper  layers 
of t he  atmosphere.  Thus,  high-speed  recordings of t h e   e a r t h ' s   e l e c t r o -  
magnetic f i e l d  make it possible   to   determine on t h e   b a s i s  of character-  
i s t i c  combinations  of  pulsations  (interval of PDP), t h e  moments during 
a magnetic  storm a t  which the  most intensive  disturbances  in  the  upper 
atmosphere would begin and terminate. 

The character of pu lsa t ions   in   the  PDP in t e rva l ,   t he  sequence 
of  replacement of the  pulsat ion  per iods,   the   regular i t ies  of PDP 
exc i t a t ion   acco rd ing   t o   l oea l  and universal  time, and a l so   the   pecul i -  
ar i t ies  of t h e   l a t i t u d i n a l   d i s t r i b u t i o n  of PDP are new addi t ional   para-  
meters tha t  can  be  used in  investigating  magnetic  storms,  studying  the 
upper  atmospheric  layers, and examining the   pecu l i a r i t i e so f   t he   i n t e r -  
ac t ion  of solar  corpuscular  streams  with  the  layers  of  charged  particles 
surrounding  the  earth.  

The c h a r a c t e r i s t i c   i n t e r v a l s  of PDP were  observed in   high-  
speed  recordings of ea r th   cu r ren t s  (0.5 mm/sec) , in   the   course  of 
analyzing  the  microstructure  of  magnetic  storms on the   bas i s  of  round- 
the-clock  recordings made by 17 Soviet   s ta t ions,  2 of  which are located 
i n  Antarctica, 5 in   the  Arct ic   region,  and 10 i n  the middle   la t i tudes 
( R e f .  3 ) .  I n   F i g .  1 is  presented a diagram of the development  of t he  
PDP i n t e r v a l   i n  i t s  optimum expression. The r e l a t ive   du ra t ion  of 
the  var ious  pulsat ions i s  n o t   r e f l e c t e d   i n   t h e  plan.  The breaks i n  
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the  recording  denote   that   the   t ransi t ion  of   pulsat ions of one period 
into  the  pulsat ions  of   another ,  as a rule, lesser period  can  follow 
after some a rb i t r a ry  time. 

Fig.  2 shows photographic  copies  of  recordings of a character-  
i s t i c   p u l s a t i o n  series of  which PDP intervals   usual ly   consis t - the PDP 
in t e rva l s .  The interval   begins   with an i r r egu la r ly  broken  section of 
the  recording  l ine  (Fig.  2a), against   the  background of which these 
or iginate   individual   burst  o r  series of  comparatively regular pulsa- 
t ions  with  periods of 6-10 sec  (Fig.  2b) arise.  Later, series of  more 
o r  less regular   pulsat ions  wtth lesser periods  begin  (Fig.  2:  c, d, 
e ,  f, g.1. 

Pulsations  with  periods of  4-1 sec are the most charac te r i s t ic  
PDP element,   since  the  pulsations of these  periods  can  continue  without 
damping fo r   t ens  of minutes. For all pulsations making  up the   in te rva l ,  
there  is a characterist ic  amplitudinal  modulation which often  passes 
into  beating-type  pulsation.  Individual  cases of  PDP  may be d i s t i n -  
guished one from  another  by the  predominance o f  pulsations of one kind 
o r  another, and by a somewhat d i f f e r ing  sequence  of t r ans i t i ons  from 
one per iod  to   another .  

According to   t he   da t a   ob ta ined  up t o   t h e   p r e s e n t  thne, one 
t o   f o u r  PDP in t e rva l s  may be  observed i n  the  course of a magnetic 
s to rm.  The duration of a PDP interval  usually  does  not  exceed an hour 
although  longer  cases  have  been  observed. The in te rva ls  may follow one 
another  with  breaks  lasting from tens of minutes t o  2-3 hours. 

The PDP in te rva ls  may have different  degrees of  development. 
Sometimes the  very f i r s t  interval   contains   only  i r regular   pulsat ions 
of  the   record ing   l ine   ( je rks)  and some superimposed burs t s  o f  long- 
period  pulsations,  without a subsequent  development  of  continuous 
resonant  pulsations o f  lesser   per iod.  It is  i n t e r e s t i n g   t o  note  t h a t  
the  beginnings of PDP, i . e .  irregular breaks o f  the  recording l i nes  
with a character is t ic   sharp  entrance  (Fig.   2a) ,  are observed  considerably 
more f requent ly   than  the phenomenon of PDP i n  i t s  complete  development. 
They resemble  the  microstructure of bays and pu l sa t ion   t r a ins .  

All the  large  storms  occurring  during  the I G Y  contained PDP 
in te rva ls .  They were expressed most c l ea r ly  on 4 and 29  September 
1957, 11 February, 8 Ju ly  and 4 September 1958. They were su f f i c i en t ly  
charac te r i s t ic   in   the   s torms  of 13, 21 September, and 6 ,  7 November 
1957. The development  of PDP in te rva ls  was somewhat less charac te r i s t ic  
in   the  s torms of  26 November 1957, 25  September,  24  October and 4 
December 1958 .l 
1 PDP intervals  with  varying  degrees of development are charac te r i s t ic  
” 

f o r  any  magnetic  storm. 
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In  Fig. 3 is  shown the   o r ig in  and  development of PDP i n  4 and 
29 September 1957, 8 Ju ly  and 4 September 1958 for   d i f fe ren t   s ta t ions .  
The different  shadings  denote  different  periods of pulsation. 

The.magnetic  storm  of 29 September contains 2 PDP in te rva ls  
(Fig. 3a), of  which t h e  f i rs t  (1 hour 45 minutes) i s  approximately 

Fig.  1. Scheme of  pulsat ion  intervals   diminishing by 
per iod  (T-10-1  sec) .  

twice as long  as  the  second  (around 1 hour). The beginning o f  the 
f i rs t  in t e rva l  w a s  at 1700 hours ,  t he  second a t  1938 hours.  Both 
in te rva ls  began  with  irregular  pulsations  against  the background o f  a 
broken  recording  line.  Traces of pulsations  with  periods of about 2 
sec are observable  in  the  recordings o f  a number of stations  before  the 
beginning o f  t he  second PDP i n t e rva l .  

The magnetic  storm o f  4 September 1957 includes 2PDP in te rva ls  
(Fig.  3b) of approximately  equal  duration  (around 2 hours).  The begin- 
ning o f  the  f irst  in t e rva l  was at 1728 hours,  the  second at  2149 hours. 
Both  i n t e rva l s  began  with  irregular  pulsations  against  the  background 
of  a broken  recording  l ine.  The i r regular   par t  of  both PDP i n t e rva l s  
i s  discontinuous (5-15 min), and passes   sharply  into  pulsat ions of 
regular form with  periods of 4.5-3.5 i n   t h e  f irst  in t e rva l  and periods 
of 2.5 sec  in   the  second.  The least pulsation  period (1.5 sec) i s  
t r aceab le   i n   t he  second in t e rva l  and occupies a la rge   par t  of it. 

The magnetic s t o r m  on 8 Ju ly  1958 (Fig. 3 c )  a l s o  contained 2 
PDP i n t e rva l s .  The first in t e rva l  began at 1616 hours and continued 
u n t i l  approximately 1820 hours. The second in t e rva l  began at 2040 
hours and continued  for 1 hour and 20 minutes.   In  both  intervals all 
elements of t he  PDP are re l iab ly   t raced:   b reaks   in   the   record ing   l ine  
and irregular pulsations,   then regular pulsations  with  periods of 10-8 
seconds and 6-4 seconds to   pear l s   wi th   per iods  of 2 seconds. The 
development  of PDP intervals  during  the  storm of 8 July  has  been  cited 
f o r a  smallnumber of s ta t ions ;  it was impossible t o   t r a c e   t h e   d e t a i l s  of 
t h e  development of t h e  PDP in te rva ls  a t  other   s ta t ions due t o   t h e  
severe  disturbance.  Individual PDP elements are undoubtedly  traceable 
at all s ta t ions  where recordings  of  the  earth  currents were carr ied on 
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i n   t h i s   p e r i o d .  

The magnetic  storm of 4 September 1958 (Fig. 3d) contains  four 
PDP in te rva ls ,   the  first two  of  which ( a t  1610 and 1848 hours)  did  not 
develop  completely and were not   presented  in   the figure. I n   t h e  f i rs t  
in t e rva l  (1610 hours)   i r regular  PDP pulsations  appear  (Fig.  2a),  with 
individual   bursts  of regular pulsations  with  periods of 6-8 seconds. 
The development  of t he  second in t e rva l  (1848 hours) ended at  regular 
pulsations  with a period  of 3-5 seconds. The duration of t he  first 
in t e rva l  was 40-50 minutes, and t h a t  o f  the  second,  slightly  over an 
hour. 

During the  storm  of 4 September 1958, complete  development 
was a t ta ined   by   the   th i rd  and four th  PDP in te rva ls ,  which followed 
one another af ter  a pause  of  approximately 20 mins. The beginning o f  
t h e   t h i r d   i n t e r v a l  was a t  2038 hours,   that  of the   four th  at 2216 
hours;  the  duration of  t h e   t h i r d   i n t e r v a l  was about an hour; t h a t  of t he  
fourth,  about  an hour and a ha l f .  A pecul ia r i ty  of t h i s  storm are the  
small periods at the  end of the   four th   in te rva l   (about  1 second) and 
the  disturbance of the  sequence of development of t h i s   i n t e r v a l   i n   t h e  
i n i t i a l  phase  where beating  pulsations  with a period of 1 second are 
observable among the  irregular pulsat ions.  

The development  of all the  examined PDP in t e rva l s  at the  
majori ty   of   the   s ta t ions  indicates   the  pract ical   s imultaneousness ,   over  
a v a s t   t e r r i t o r y ,  of the  beginning and end o f  pulsations  comprising 
the  PDP, i . e . ,  it a t t e s t s  t o  the   exc i ta t ion  of PDP according t o  univer- 
sal time. On the  other hand, t he  development o f  PDP a t  s t a t ions  
located  in   the  Far  East (Yuzhno-Sakhalinsk, Petropavlovsk-Kamcharskiy) 
indicates  a de f in i t e  effect  of l o c a l   t h e  on t h e   p o s s i b i l i t y  o f  t he  
appearance of PDP in te rva ls .   In   the   Far  East, i n  a number of  cases, 
only  t races  o f  individual  elements o f  PDP are detectable   against  a 
background  of t he  SPP t y p i c a l   f o r  a ce r t a in  hour  of t he  day, o r  against  
a background o f  quiet   recording. 

It should  be  noted tha t   t he   cha rac t e r i s t i c  development of  PDP 
in te rva ls  f o r  t h e  examined examples i s  not  observable a t  t h e  more 

eas te rn  s ta t  ions - 1 

The PDP in t e rva l  i s ,  apparently, a typical   middle- la t i tude 

It stands t o  reason  that   there  are cases ( fo r  example, the  storms of 
13 and 23 September 1957, 11 February 1958) when the  development of 
PDP is be t te r   t raceable  at the   eas te rn   than  a t  the  western  s ta t ions.  

1 

. 



Figure 2. Photographic  copies of characteristic  pulsations  making 
up PDP intervals -- the .PDP elements. 
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Figure 3. Structure of PDP intervals  during  magnetic storms on 29 Sep- 
tember 1957 (a) 4 September 1957 ( b )  8 Ju ly  1958 (c )  , and 4 September 
1958 (a) .  The scheme of t h e  development  of PDF by s t a t ions  i s  shown by 
d i f fe ren t   k inds  of shading  which  denote  the  various  pulsation  period  in 
accordance  with  the  arbitrary  designations : 
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(Figure 3. Continued) 1 - boundary  unclear; 2 - disturbed; 3 - i n t e r -  
ference; 4 - t races  of SPP against  a background of long-period  pulsa- 
t ions;  5 - qu ie t   f i e ld ;  6 - no recording; 7 - i r regular   recording  l ine 
without SPP; 8 - no pulsations;  9 - continuous  pulsations  with T = 3-10 
see; 10 - continuous  pulsations w i t h  T = 3.5-5 sec; 11 - continuous  pul- 
sations  with T = 2.5-3.5 see;  12 - continuous  pulsations  with T = 2-2.5 
see; 13 - continuous  pulsations  with T = 2 seconds o r  l e s s .  



phenomenon. Invest igat ion o f  t h e  development  of PDP in t e rva l s  a t  t he  
Arctic and Antarct ic   s ta t ions i s  often  hindered  by  the  highly  disturbed 
nature of the  recording.  Nevertheless,  individual  elements of PDP 
in t e rva l s  are re l iab ly   t raceable  i n  the  major i ty  of cases at all 
s ta t ions .  

Analysis of all the  PDP cases examined by  us   leads  to   the 
conclusion  that   with  simultaneous  excitation of t h e  PDP in te rva ls ,  
which i s  probably  determined by universal   t ime,  their   clear  appearance 
i s  possible   within  the limits of 6-hour  zones i n   t h e  evening,  night, 
and i n  the   ea r ly  morning. 

Comparison of t h e  moments of exc i ta t ion  PDP wi th   the  results of 
v i sua l   obserwt ions  of polar  aurorae i n  the  middle   la t i tudes  indicates  
t h a t   t h e  beginn.?lng and development o f  PDP coincides  with  the  origina- 
t i o n  and development of the   po lar   red  glow aurorae. 

To i l lustrate   the  coincidence  of  PDP in te rva ls   wi th   the   o r ig ina-  
t i o n  of polar aurorae i n   t h e  low l a t i t udes ,  we present a descr ipt ion 
o f  visual  observations of  polar  aurorae on the  night  of  29-30 
September 1957, and a l s o  the  results of spectral   observat ions of 
polar   aurorae  a t   the  Alma-Ata s ta t ion  (Ref .  4 ) .  I n   t h e  two photographs 
made by the  nebular  spectrograph  of  the  Shternberg  State  Astronomical 
Ins t i tude  a t  Alma-Ata on 29  September a t  1636 hours  (Greenwich  Meridian 
Time) (with  an  exposure o f  30 min) and at 1659 (with an exposure of 2 
min) . there   are  no anomalies;  the   g reen   l ine  i s  br ighter   than  the  red 
even  though the  magnetic  storm  began a t  1200 hours (MT). The photo- 
graph made a t  1710 hours  with  an  exposure  of 6 min yielded a sharp 
increase o f  the  red  l ine.   Visual  observations  simultaneously  indicated 
tha t   the   sky   f la red   up   wi th  a br ight   red  glow a t  t h e  same time. Turning 
t o  Fig.  3a it is ev ident   tha t   the  PDP began at 1700  hours, i . e . ,  t h a t  
t he  moment of i t s  beginning  coincided  with  the  beginning o f  the  develop- 
ment o f  the   polar  aurora. Further  visual  observations a t tes t  t o   t h e  
f a c t   t h a t  at 1939 hours  ( the moment of the  beginning  of  the  second PDP 
in t e rva l ) ,  a second  outburst of red glow occurred. The spectrographic 
da t a   a l so   i nd ica t e   t ha t  a t  t h i s   pe r iod   t he   r ed  l i n e  dominates.  Begin- 
ning at 2013 hours   the  intensi ty  of t h e   r e d   l i n e  became approximately 
equa l   t o   t he   i n t ens i ty  of the  green  l ine.  Visu-a l  observations  indi-  
c a t e   t h a t  by 2024 hours  the  red glow weakened, the  color  o f  the  sky  be- 
came bluish.  Thus, t he  red form of the  glow ended  by t h e  end of t he  
second PDP in t e rva l .  

I n  the   descr ip t ion  of-the  development of the  aurorae on t h a t  
same day i n  Odessa, it was reported: columns  of red glow appeared f o r  
t he  f i rs t  time around 1700 hours (GMT) and the  second time (most  
brightly)  around 2000 hours (moments c lose   to   the   beginning  of t he  
PDP in t e rva l s ) .  



Figure 4. Graphs of t h e   s t a t e  of the  ionosphere a t  the 
Moscow Station  during  magnetic  storms. Along the  abscissa  

i s  plot ted  the  t ime a t  30°E, along  the  ordinate . i s  p l o t t e d  
the  f requency  in  MC. The v e r t i c a l   l i n e s   a l o n g   t h e  time 
axis indicate  the  beginning of the  PDP in te rva ls .  
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Analysis  of the results of visual observations  of  polar 
aurorae  for  the  other  magnetic  storms a l s o  showed t h a t   t h e  moments of 
the  or iginat ion of br ight   polar   red glow aurorae i n  t h e  middle l a t i -  
tudes  coincide  with  the PDP intervals.  The results of visual observa- 
t i ons  of the  polar   red glow aurorae&  the  per iod of the first In t e rva l  
of PDP of the  earth 's   electromagnetic  f ield  for  the  storm on 4 
September 1957 are presented   in   the   t ab le  as an example. 

Comparison of t he  PDP intervals   with phenomena i n   t h e  iono- 
sphere  indicated a d i rec t   cor re la t ion  between the  moments of the  
exc i ta t ion  of PDP and t h e   i n i t i a t i o n  of  sharp  infractions of the  normal 
s ta te  of the  ionosphere, accompanied  by a severe  drop of t h e   c r i t i c a l  
frequencies  of  the F2 layer .  I n  a number of cases  complete  absorption 
took  place, or  diffusion was observed,  simultaneously  with  the PDP in-  
t e r v a l .  Graphs are presented  in   Fig.  4 which characterize  the  condi- 
t i o n  of the  ionosphere at t h e  Moscow station  for  the  magnetic  storms of 
4 and 29 September 1957, 8 Ju ly  and 4 September 1958. 

Arrows along  the time axis denote  the  beginning  of  the PDP i n -  
te rva ls   in   the   course  of a magnetic  storm. The graphs show t h a t  a sharp 
inf rac t ion  of the  normal s ta te  of the  ionosphere  coincides  with  the 
beginning  of  the  excitation  of F'DP intervals .   .Deserving of  spec ia l  
a t ten t ion  i s  t h e   f a c t   t h a t  magnetic s to rms  begin  several  hours  before 
the  onset of  disturbances  in  the  ionosphere, and only at moments near 
the  beginning  of PDP do intensive  disturbances o f  the  normal s t a t e  o f  
the  ionosphere  originate. 

The analysis   presented  indicates   that   the  PDP in t e rva l s  are 
apparently  that   characterist ic  morphological  element o f  disturbance o f  
the   ear th ' s   e lec t romagnet ic   f ie ld   in   the   course  of a magnetic  storm 
which i s  direct ly   correlated  with  the  infract ions i n  the  ionosphere and 
with  the development of polar   aurorae  in   the low l a t i t udes .  It is 
in t e re s t ing   t o   no te   a l so   t ha t   t he   beg inn ing  moments of PDP, f o r  example, 
f o r  the  storms on 11 February 1958 and 13 September 1957, determined on 
the  basis  of  recordings of Soviet   stations,   coincide  with  the moments 
of  t he   bu r s t s  of  roentgen  radiation  in  the  stratosphere  observed  by 
American s c i e n t i s t s   i n  Minneapolis and in   Ca l i fo rn ia .  

The moments of the   o r ig ina t ion  of PDP in te rva ls  may probably 
be  regarded as moments of the  deepest  invasion  of  solar  corpuscular 

I streams i n   t h e   e a r t h ' s  atmosphere. In  connection  with  this,  it should be 
s t r e s s e d   t h a t   t h e  moments of or iginat ion of the  invest igated f irst  
intervals of PDP coincided  with  hours  close  to midday at the  geomagnetic 
pole (1728 hours, 1710 hours and 1616 hours), when the   ea r th  i s  turned 
t o   t h e  sun with open fo rce   l i nes  and the  condi t ions  for   the  invasion 
of streams are probably most favorable. 



Sta t ion  

T b i l i s i  (ear th  currents)  
Adler 
Sochi 
Borok ( ea r th  curY'eLlbs) 
U r  zhum 
Stal ingrad 
Kaz an 
Tambov 
Gor k iy  
Ul'yanovsk 
Kovrov 
Staryy  Oskol 
Alma-Ata (ear th   cur ren ts )  

Tab l e  
Beginning of 

PDP 
in t e rva l  

1728  hours 

1728 

1728 
Lake T i s h k i  (near  Chelyabinsk)' 
Perm' 
L'vov (ear th   cur ren ts )  I 1729 

1 1  

1 1  

. 

Beginning of the polar  
red glow aurora  according 
to   visual   observat ions 

1730 hours 
11 

I1  

11 

11 

11 

11 

I t  

11 

11 

I t  

I 1  

I1  

Recordings of PDP in t e rva l s  may be  used  not   only  for   isolat ing 
and studying  the  distrubed  periods  in  the  upper  atmosphere  but  also  for 
investigating  the  peculiari t ies  oftheir   development.   This  form of d i s -  
turbance was not  observed  earlier on .recordings of the  earth's  magnetic 
field,  apparently  because  round-the-clock  rapid  recording  with  great 
s ens i t i v i ty   ( i n   t he   o rde r  of 0.001-0.01 gamma) i s  necessary  for i t s  
i so la t ion .  
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X I I I .  SOME REGULARITIES IN THE BEHAVIOR OF THE VERTICAL, COMPONENT 

OF TKE GEOMAGNETIC FIELD 
OF A STABIX ( P C )  REGIME OF SHORT-PERIOD  PULSATIONS 

by 0. V.  Bol'shakova, K.  Yu.  Zy'oin, and N .  F. Mal'tseva 

(This i s  an abstract  of  an a r t i c l e   o r i g i n a l l y  
published i n  Izvestiya AN SSSR, Seriya Geo- 
fizicheskaya, No. 6, 1960.) 

The a r t i c l e   desc r ibes  some regular i t ies   in   the   behavior  of the 
v e r t i c a l  component of short-period  pulsations of the geomagnetic f i e l d  
observed w i t h  f luxmetric  induction  installations  during  the f i rs t  s i x  
months of the IGY. The method of processing  photorecordings i s  set 
f o r t h ,  as well  as t h a t  of secondary s t a t i s t i c a l   r e d u c t i o n .  It i s  estab- 
l i shed   t ha t   t he   p robab i l i t y  of the  occurrence of pulsat ions  with  differ-  
ing  periods i s  unequal,  regardless of the  hour of the  day. The pulsa- 
tions  with  periods of 20, 30 and 60 sec  predominate.  Pulsations  with a 
50-sec  per iod  are   least   typical   for  a l l  the  s ta t ions.  The seasonal 
v a r i a b i l i t y  of the  frequency  spectrum i s  examined. 

The dependence of the  occurrence af pulsations w i t h  various  per- 
iods upon the hour of the day (d iurna l   var ia t ion)  i s  p lo t ted .  It i s  es-  
tab l i shed   tha t   d iurna l   var ia t ions  of the  occurrence of pulsations  with 
various  periods  differ:   the  t ime of onset of the  extrema i s  shif ted,  
and the  amplitude of the  diurnal  variations  changes. 

The d iurna l   var ia t ion  of the mean  maximum amplitudes of pulsa- 
t ions  with  different  periods i s  p lo t ted .  It i s  noted  that ,  for each 
s t a t ion ,   t he  time of onset of the  extrema  occurs a t  the same hours, 
whatever  the  period may be. It i s  supposed tha t   the   d iurna l   var ia t ion  
of  amplitude  values i s  control led by local   t ime,  and a l s o   t h a t   t h e   f r e -  
quency of occurrence of the  pulsations i s  controlled  by a more complex 
parameter  than i s  the  amplitude. 

It i s  fu r the r   no ted   t ha t   a t   t he  Borok s ta t ion ,   the  group of pul-  
sat ions  with 60-90 sec  periods i s  similar i n  behavior t o   t h e  pc pulsa- 
t ions ,  and mani fes t s   spec i f ic   regular i t ies .  

In   o rder   to   revea l   the   genera l   regular i t ies  of short-period  pul-  
sations,   the  term "pc ac t iv i ty ,"  similar t o   a c t i v i t y   a c c o r d i n g   t o   i n t e r -  
nat ional  geomagnetic charac te r i s t ics ,  i s  introduced. The diurnal  and 
seasonal   var ia t ion of pc a c t i v i t y  i s  examined. A d i s t inc t   d iurna l   var -  
i a t i o n  of pc a c t i v i t y  i s  noted,  with  clearly  expressed  extrema. The 
maximum of pc   ac t iv i ty  i s  observed in  the  daylight  hours  without  regard 
to   the  longi tude of t he   s t a t ion .  It i s  suggested  that   there   exis ts  a 
l a t i t u d i n a l   s h i f t  of t he   p t - ac t iv i ty  maximum. Lowering  of t he   l eve l  of 



pc a c t i v i t y  i s  noted  during  the  winter   sols t ice   in  comparison t o   t h e  
a u t m a l  equinox,  and  an earlier onset of extrema of the  diurnal   var ia-  
t i o n  of pc a c t i v i t y  i s  also  observed. 

Supplementary  consideration i s  given  to  the  connection  between 
the  diurnal   var ia t ion of pc   ac t iv i ty  and the  diurnal   var ia t ion of "dis-  
turbances,"  i .e. ,   pulsations  with a higher  amplitude set o f f  both  against  
a background  possessing  the same period. as, and against  a background 
d i f f e r ing   i n   pe r iod  from  the  pulsations  with a higher  amplitude. 

I 
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XIV. SOME RESULTS OF OBSERVATIONS OF THE VARIATION 
VECTORS  OF THE HORIZONTAL COMPONENT OF THE 

GEOMAGNETIC  FIELD OF T E  EARTH 

by A. G. Kalashnikov  and K. Yu. Zybin 

(This i s  an   abs t rac t   o f   an   a r t ic le   o r ig ina l ly  
publ ished  in   Izvest iya AN SSSR, Seriya  Geofizika, 
No. 2, 1961. ) 

The a r t i c l e   desc r ibes   t he  method of p lo t t i ng  of t he   va r i a t ion  
vector  of  the  horizontal  component of t he  geomagnetic f i e l d  H. The 
a r t i c l e   g i v e s  results of the  s tudy of the H vector  behavior  in time 
and  space,  according t o  the  observation  data  obtained a t  the  Borok geo- 
phys ica l   s ta t ion  of t h e   I n s t i t u t e  of Earth  Physics, Academy of Sciences 
USSR. 

An azimuth  has  been  determined which keeps s t r i c t l y  t o  t he  predom- 
inant   direct ion  of   the  f luctuat ions  of   vector  H (NW 3 8 O ) ;  a lso   de te r -  
mined has  been a d i s t inc t   d iu rna l   va r i a t ion  of vector H, the  maximum 
value  of whose deviation from a northern  direct ion i s  a t t a i n e d   a t  0400- 
0500 hr  universal   t ime. The coincidences of the  diurnal  courses of t he  
vector  azimuths  of  the  variations of t he  magnetic  and e l e c t r i c a l  ( E )  
n a t u r a l   f i e l d s  of t he   ea r th  and the i r   perpendicular   pos i t ion   for   a l l  
the  hours of t h e  day are t raced.  

It i s  es tab l i shed   tha t   the  H vector   rotates  and the   d i rec t ions  
of the   ro ta t ion   possess  a clear ly   expressed  diurnal   var ia t ion.  The 
ro t a t ion  of t h e  H vector  counterclockwise i s  observed in   the   n ight  and 
morning  hours,  and the  rotat ion  of   the  vector   c lockwise i s  observed i n  
t he  day  and  evening  hours. 

The behavior  of  the H vector i s  compared with  the  behavior  of  the 
E vector.  It i s  establ ished  that   the   direct ions  of   the  changes  of t he  
H vector  ,for  the  given  period of  time are perpendicular   to   the  direc-  
t i ons  of t h e  changes  of t h e  E vector ,   whi le   the  direct ions of t he  
terminal   points  of vectors  E and H coincide. The f igures  formed  by t h e  
terminal  points  of  the  vectors of the   var ia t ions  E and H are s imilar ,  

and  the  coeff ic ient  of s imi l a r i t y  ( o r  t h e   r a t i o s )  depends on t h e  

pulsation  period,  diminishing  with  an  increase  in  the  pulsation  period. 

"c 

E 

H 

I n  conclusion some suppositions are expressed  about  tbe mechanism 
of the   o r ig ina t ion  of t 4e   ro t a to ry  movements of   the  var ia t ion  vector  H. 



XV. ON THE SHORT-PERIOD VARIATIONS OF THE 
ELECTROMAGNETIC FIELD OCCURRING 

SUVIULTANEOUSLY OVER LARGE  TERRITORIES 

by A. G.  Kalashnikov  and  Ye N. Mokhova 

(This  is an annotation  of an article  originally 
published in Izvestiya AN SSSR, Seriya  Geofiziki, 
No. 1, 1960.) 

The  study of disturbances  simultaneously  occurringon  large  terri- 
tories  was  undertaken  by  using  the  results  of  the  complex  registration 
of the  vertical  component  of  the  magnetic  field Hz, with  the  fluxmetric 

installations  and  of  the  horizontal  component of the  earth  currents 
field E, and E at  the  Borok,  Lovozero,  Petropavlovsk  and  Dousheti  sta- 

tions. In the  study  of  long  periods,  the  material  of  American  magneto- 
static  stations  was  analyzed. 

Y 

Pulsations  of  the  impulse,  train,  and  microbay  types  were  clearly 
distinguishable on  the  magnetograms  and  tellurograms  due  to  similarity 
of  shape  and  simultaneity of occurrence. 

The period,  amplitude,  time  of  occurrence  of HZ, E,, and Ey, the 

ratio Hz 
V W "  for  each  station,  and  the  amplitude  ratios  among 

- 
the  varlous  stations  were  determined.  The  main  result  consists  in  the 
fact  that f o r  every  disturbance,,  the  following  inequalities  are  main- 
tained: Hz of  Borok < HZ of Petropavlosvsk < Hz of  Lovozero. E of 

Borok < E of Petropavlovsk < E of Lovozero,  where 

f fz  Hz 
VE: + E;  

of Borok < - of  Lovozero  and  of 
VE: + E; 

Petropavlovsk. 

"he  obtained  amplitude  distribution  cannot  be  explained  by  the 
latitudinal  factor.  It  probably  depends  on  differing  geological  struc- 
tures  of  the  regions  where  the  stations  are  located,  on  continuous in- 
homogeneities in the  ionosphere, in  the  upper  atmosphere,  and  on 
coastal  marine  electric  currents. 


